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PREFACE
 
In July, 1974 we began a baseline study of the Moss Landing-Elkhorn 
Slough marine environment for PG&E as mandated by the Coastal Commission. 
This report constitutes results of the first year's program. It is 
divided into three sections, oceanography, benthic invertebrate ecology, 
and fish and zooplankton ecology. 
This is a preliminary account and should not be construed as a final 
report. It is also very important to note that in this paper we have not 
attempted to correlate the biological data with the physical and chemical 
data nor have we, as yet, attempted to assess food chain relationships 
among invertebrates and fishes. These assessments will be attempted in 
subsequent reports. 
Any data not as yet analyzed are not included in this report. Data 
presented here are mainly in tabular or graphic form such that they are 
retrievable from the report without referring to the original data sheets. 
Original data sheets are on file at the Moss Landing Marine Laboratories. 
Even though the report appears voluminous it represents only a frac­
tion of the data thus far collected. From our preliminary working with 
the data we have found Elkhorn Slough and environs to be an exceedingly com­
p1ex system in which there are strong temporal and spatial changes and thus 
far we have barely gained an understanding of the system. 
James Nybakken 
William Broenkow 
Greg Cailliet 
-
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WATER CHEMISTRY OF ELKHORN SLOUGH AND MOSS LANDING HARBOR 
I. Introduction 
The chemical characterization of the waters of Elkhorn Slough and
 
Moss Landing Harbor is necessary for the interpretation of biological
 
data, in particular the plankton and nekton. Thus the following studies
 
were made in support of the biological studies and constitute a
 
part of our total research effort. Additional hydrographic and chemical
 
data in Monterey Bay have been obtained under separate research projects
 
(California Cooperative Fisheries Investigations, Kaiser Refractories
 
Receiving Water Monitoring), so that seasonal changes in the offshore
 
environment are also documented o
 
II. Methods 
Station positions (Figure 1) were those used by Broenkow and Smith 
(1972) and two additional stations (1 and 10) have been used in this 
study to better define the hydrographic regime of the slough and harbor. 
Because of the shallowness of the slough, samples were taken at a depth 
of 1 m at each station. Smith (1973) showed that vertical stratification 
is present during rainy periods, but that a single sample is representative 
of water column-mean values. Samples were taken as close to high tide as 
practical to normalize strong tidal effects. Eleven stations were sampled 
monthly, and two stations (3 and 5) were stu9ied for tidal effects by 
sampling hourly for 25 hour periods on 16-17 October 1974 near the end of 
the dry season and on 4-5 April 1975 during a rainy period. 
Temperature. Water temperatures were determined using a bucket ther­
mometer lowered to depth, allowed to soak for 5 minutes, then pUlled to 
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the surface rapidly and read. This procedure was repeated until a con-
o 
stant reading was obtained to ~ 0.1 C. 
Salinity. Salinity was determined using a Beckman RS-7B precision 
induction salinometer. Analyses were made in the laboratory and salinity 
was computed from conductivity ratio using the equations of Cox, et ~. 
(1967). Substandard seawater was used to calibrate the salinometer before 
and after each set of 24 or fewer samples. Copenhagen water was used each 
month to standardize the substandard water. 
Dissolved Oxygen. Water samples were treated in the field to fix 
the oxygen in the basic form. The samples were acidified and titrated 
in the laboratory within 8 hours of the sampling time using Carpenter's 
(1965) modification of the Winkler method. The total sample is titrated 
with approximately 0.02 N sodium thiosulfate to the starch endpoint. Pre­
cision of the analyses is about + 0.06 mi/liter (2 SD). 
Nutrient Ions. Five-hundred ml samples were collected and stored 
in ice chests at SoC for up to 6 hours until they could be filtered in 
the laboratory (2 ~ pore size) and frozen. Within 6 weeks of freeZing the 
samples were qUick thawed and analyzed for phosphate, nitrate, nitrite, ammo­
nia and silica. Standards and reagent blanks were prepared fresh daily and 
were determined with each set of samples. Some of the samples had con­
centrations beyond the normal range of the methods listed below. The 
absorbance of these samples was determined with a 1 or 2 cm path and their 
concentrations calculated from extended range curves o 
Dissolved reactive phosphate was determined by the method of Murphy 
and Riley (1962) described in Strickland and Parsons (1968) using ascorbic 
acid to reduce the phosphomolybdate complex. The sample absorbance was 
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determined with a 10 cm path on a Brinkman PC 1000 Colorimeter at 880 nm. 
Precision of the analyses is about! 0.03 F moles/liter (2 SO) at the 
2 p mole/liter level and! 0.6p mole/liter at the lOp mole/liter level. 
Nitrate was determined by the cadmium-reduction method of Wood, et al. 
(1967) followed by the nitrite color development. The sample absorbance 
was determined with a 1 cm path using the PC 1000 Colorimeter at 545 nm. 
Precision of the analyses is about! 0.5 pg-atoms/liter (2 SO) at the 
20 pg-atoms/liter level. 
Nitrite was determined by the method of Bendschneider and Robinson 
(1952)' described by Strickland and Parsons (1967>. The absorbance of the 
diazo color was determined on the PC 1000 using a 10 cm path at 545 nm. 
Precision of the method is about! 0.03 p mole/liter (2 SO) at the 1.5 
p mo lell iter leve1 and ! 0.1 )l mo le/Ii ter leve1 and ! 0.1 P mo le/Ii ter 
at the lOp mole/liter level. 
Ammonia was determined by the indophenol method of Solorzano (1969) 
with the color absorbance determined with the PC 1000 at 650 nm using a 
10 cm path. Precision of the method is about! 0.1 )l mole/liter (2 SO) 
at the 3)l mole/liter level and 0.4!p mole/liter at the 20p mole/liter 
level. 
Reactive silica was determined by the method of Mullin and Riley 
(1955) as modified by Strickland and Parsons (1968). The silicomolybdate 
complex was reduced by a metol-sulfite, oxalic acid solution, and the 
color absorbance was determined in a 1 cm path on a PC 1000 at 810 nm. 
Precision of the method is about! 1 p mole/liter (2 SD) at the 40 
p mole/liter level. 
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Suspended Sediments. Suspended sediments were determined by weighing 
.'-' the material collected on 2pm polyvinyl chloride filters. Dissolved 
salts were rinsed out by washing with 10 ml of deionised water. Samples 
were dried at 800 C for 1 hour prior to weighing on a Mettler H207 balance. 
Water Transparency. Water transparency was determined by Secchi disk 
to + 0.1 m. 
~. pH (-log hydroge~ ion actiVity) was determined using a Metrohml 
Brinkman 103 pH meter and a combination calomel-glass electrode pair. 
Beckman pH standards of 7.00 and 9.18 were used in calibration so that a 
slope correction was applied. Samples and standards were temperature 
eqUilibrated at 200 C for 20 minutes before analysis. 
Alkalinity. Alkalinity was determined by the pH method of Anderson 
and Robinson (1946) by adding a precisely known volume of 0.100 N HCl to 
50.0 ml of filtered sample and reading the final pH on the Metrohm/Brink­
man pH meter. 
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III. Discussion 
A complete data listing follows and illustrations summarizing the 
results are given as Figures 2 through 19. A more comprehensive discus­
sion of water chemistry data and the relation between the distribution of 
chemical parameters and variations in plankton and nekton will follow in 
later reports. This discussion will serve mainly to describe the hydro­
graphic setting of the slough and harbor during the past year. 
Three major water types are evident in the slough-harbor system: 
o(1) Offshore water was characterized by cool temperatures (12-14 C), 
near uniform salinities (33.3-33.9%). Dissolved oxygen was generally 
near saturation in the offshore water and nitrate and phosphate varied 
seasonally, being high during upwelling periods (typically March to JUly) 
and lower during other months. (2) South Moss Landing Harbor water was 
a mixture of offshore water with fresh water draining the farmlands and 
treated domestic sewage from Castroville and perhaps from Salinas via the 
Old Salinas River channel. This water was of low salinity throughout the 
year (19-31%) and contains large micro-nutrient concentrations (phosphate 
up to 40p moles/liter, nitrate up to 75 F moles/liter, and ammonia up to 
60p moles/liter which result fr.om both sewage and fertilizers. (3) Upper 
Elkhorn Slough water was of varying temperature and salinity, depending 
on season. During rainy periods salinities of 17% were observed, and 
during the late summer evaporation caused an increase to nearly 36%. 
Temperatures in the upper slough were generally warmer than offshore wa­
ters in summer and cooler in winter (11 to 22°C). Dissolved oxygen in 
the upper slough was often less than 50% of the saturation value and 
nearly always less than 80% saturation Nutrient ions were generallyo 
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present in concentrations sufficient for phytoplankton growth with phos­
phate levels of typically 2 F moles/liter, nitrate 5 to 10 F moles/liter, 
ammonia 1 to 3 p moles/liter. 
Tidal processes caused large daily variations in water chemistry in 
Elkhorn Slough, hence we have sampled for seasonal effects at or near 
high tides. During the April 1974 tidal study (Figure 16) salinity varied 
in phase with the tide fro~ 23.5% at LLW to 29.5% at HHW at Station 3 (Kir­
by Park) but from only 29.5% at LLW to 32.5% at LHW at Station 5 (Oyster 
Farm). During the October study highest salinities (35% at Kirby Park) 
were found at LLW and lowest salinities (33.6%) were found at HHW. Thus 
salinity is controlled by the tide, but the phase varies seasonally, 
depending on the direction of the longitudinal salinity gradient. 
Other parameters exhibited equally large daily variations which are 
summarized in Table 1. Some of the daily variation was not caused by the 
tide, however, but by the diurnal cycle. The temperature variation in 
October (Figures 12 and 14) shows a larger diurnal amplitude at Kirby Park 
and a larger tidal amplitude at the Oyster Farm. Dissolved oxygen, phos­
phate, the nitrogeneous nutrients and pH which are biologically controlled 
by the day-night cycle show similar mixed tidal-diurnal periodicity. 
--
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Table L 
Amplitude of Daily Hydrographic Variations in Elkhorn Slough 
Parameter 
Temperature (oC)
 
Salinity (%)
 
Dissolved Oxygen (ml/liter)
 
Phosphate (p moles/liter)
 
Nitrate (p moles/liter)
 
Nitrite (p moles/liter)
 
Ammonia (p moles/liter)
 
Silica ()J moles/liter)
 
pH
 
Suspended Sediments (mg/liter)
 
October
 
S'IN 3
 
3
 
1.5
 
2
 
3
 
0.2 
7
 
25
 
0 0 2
 
40
 
Daily Amplitude 
1975
 
S'IN 5
 
4
 
3
 
3.5 
1.7
 
34
 
0.6 
8
 
20
 
0.15 
50 ­
1974
 
STN 5
 
5
 
0.8
 
3
 
1.8
 
5
 
0.4 
7
 
25
 
0 0 3
 
40
 
April
 
S'IN 3
 
3
 
6
 
1.0
 
10
 
0.3 
4
 
35
 
0.25
 
50
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Figure 3. Variation of salinity (0/00) in Elkhorn Slough (upper panel) 
and Moss Landing Harbor (lower panel) JUly 1974 to June 1975. 
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Figure 4. Variation of dissolved oxygen (% saturation) in Elkhorn Slough 
(upper panel) and Moss Landing Harbor (lower panel) july 1974 to 
June 1975. 
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Figure 5. Variation of phosphate \p mOles/liter) in Elkhorn Slough (upper 
panel) and Moss Landing Harbor <lower panel) July 1974 to June 1975. 
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Figure 8. Variation of ammonia (p moles/liter) in Elkhorn Slough (upper 
panel) and Moss Landing Harbor (lower panel) JUly 1974 to June 1975. 
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Figure 9. Variation of silica (p moles/liter) in Elkhorn Slough (upper 
panel) and Moss Landing Harbor (lower panel) July 1974 to June 1975. 
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Figure 11. Variation of transparency (m) in Elkhorn Slough (upper pane 1) 
and Moss Landing Harbor (lower panel) July 1974 to June 1975. 
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Table 2. 
EXPLANATION OF DATA TABLES 
TIDE 
ht Predicted high tide in feet at Monterey closest to sampling time. 
time Local time of predicted high tide at Monterey. 
S'IN Elkhorn Slough permanent station number. 
TIME Pacific Standard Time (+8) of sampling. 
TEMP In situ water temperature in degrees centigrade. 
SALIN Salinity in grams/kilogram (0100 or ppt). 
OXYGEN Dissolved oxygen utilization in ml(STP)/liter. 
AOU Apparent oxygen utilization inpg-atoms 02-0/liter: the 
difference between the observed oxygen concentration and the 
oxygen solubility computed from the in situ temperature and 
salinity using the equations of Truesdale, et ~. (1955). 
SAT Percent of oxygen saturation computed from the in situ tem­
perature and salinity using the equations of Truesdale, 
et ~., (955). 
PHOSPHATE Concentration of reactive phosphate in p moles P04-P/liter. 
NITRATE Concentra tion of dissolved nitrate in p moles NOTN /1 iter. 
NITRITE Concentra tion of dissolved nitrite in p moles N02-N/1iter. 
AMMONIA Concentra tion of dissolved ammonia in .J.l moles NH3 -N /1 iter. 
SILICA Concentra tion of reactive silica in.J.1 moles Si02- Si/1i ter 
SUSP SED Suspended sediment concentration in mg/1iter. 
SECCHI Secchi disk transparency in m. 
pH Seawater pH <-log ~+) 
ALK Seawater total alkalinity in m equivalents/liter 
30 
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 7 JUL 1974 SAMPLING DEPTH 1.0 m TIDE 4.0 ft 1115 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt ml/1 ug-at/1 % ug-atoms/l1ter mgl1 m 
1 1122 21.2 35.385 1.55 299 32 3.29 .0 .70 3.1 69 22.8 .4 
2 1133 21.1 35.891 1.72 283 35 2.40 . .0 .53 1.3 75 26.2 .4 
3 1217 22.0 35.577 2.16 238 45 2.38 1.0 .62 3.8 49 17.8 05 
4 1233 20.5 34.646 3.12 167 63 2.10 1.5 .51 7.5 34 10.6 .6 
5 1248 19.3 33.990 5.22 -8 102 1.90 3.7 .39 5.6 26 9.1 .6 
6 1302 17.1 33.613 6.57 -109 123 .73 1.0 .15 2.8 10 6e 2 2.2 
7 1~1""; ;)"'. ' 1.9 2 1 33.682 6.03 -78 117 2.45 4.0 .26 4.0 29 7.6 2.4 
8 1311 15.9 33.581 6.65 -106 122 .92 2.3 .69 3.0 9 4.3 4.0 
9 1331 18.0 33.682 5.73 -39 108 3.22 13.0 .72 5.0 31 6.5 4.9 
10 1349 19.5 30.989 6.56 120 126 5.38 19.4 2.65 4.7 61 7.4 .5 
11 1345 18.7 31.841 5.93 -60 113 4.52 17.1 1.74 4.8 48 12.3 .6 
w 
~ 
ELlCIIORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
1.0 _SAMPLE DATE 19 AUG 1974 SAMPLING DEPTH TIDE 5.4 ft 1250 PST 
sm TIME TEMP SALIN OnGER AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt till ug-at/1 % ug-atoms'/l1ter _gIl 11 
1 1243 21.0 35.807 2.76 192 56 2.86 1.3 .71 .0 53 25.0 .3 
2 1250 21.0 35.548 3.09 163 63 2.83· 1.4 .72 .0 37 22.4 .4 
3 1312 19.8 34.570 3.23 163 64 2.56 2.0 .61 2.2 27 28.0 .6 
4 1321 16.5 33.778 4.79 54 89 1.57 5.8 • 35 .7 15. 9~5 1.8 
5 1333 16.5 33.650 5.47 -5 101 1.23 6.9 .28 .0 11 6.8 2.3 
6 1342 15.9 33.631 5.39 7 99 1.05 6.1 .28 .0 11 4.3 4.2 
7 1356 16.8 33.695 5.32 4 99 1.88 4.2 .33 1.2 13 5.2 2.6 
8 1350 16.0 33.610 5.53 -6 101 .95 5.4 .32 .0 12 3.3 5.7 
9 1422 17.5 32.915 4.96 33 93 2.93 10.7 1.14 3.9 26 7.1 1.5 
10 1439 19.0 31.466 5.68 ~39  109 5.12 32.7 7.63 5.2 51 7.2 .9 
11 1434 18.0 32.908 5.35 -6 101 3.92 12.0 1.09 3.6 29 9.8 .7 
N 
( ( (
 
LV 
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 17 SEP 1974 SAMPLING DEPTH 1.0 m TIDE 5.4 ft 1205 PST 
STH TIME TEMP SALIN OXYGEN ADU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
• 
°c ppt mI/1 ug-at/1 % ug-atoms/liter mg/1 m 
1 1243 19.3 35.975 2.88 194 57 2.37 4.4 .67 3.3 33 39.4 .5 
2 1302 19.1 35.149 3.47 145 68 2.31· 1.6 .44 5.5 22 56.2 .7 
3 1325 18.6 e4.168 4.54 57 88 2.11 2.7 .45 4.8 17 36.0 1.0 . 
4 1340 16.0 33.654 6.36 -80 117 .80 6.3 .19 1.2 15 35.9 2.3 
5 1355 15.8 33.664 6.14 -58 112 .67 2.7 .13 1.3 21 39.8 2.0 
6 1412 15.1 33.663 6.35 -70 114 .69 2.4 .13 .7 9 36.6 4.0 
7 1448 17.7 33.698 6.15 -77 116 .97 1.2 .15 2.9 17 34.0 1.0 
8 1429 15.2 33.663 6.02 -42 109 .68 2.3 .13 1.3 9 36.8 3.0 
9 1505 16.8 33.126 6.48 -96 120 2.08 3.4 .61 4.0 27 36.6 1.3 
10 1523 18.8 30.052 5.64· -29 106 5.55 9.5 1.72 2.7 62 35.2 1.0 
11 1535 17.5 31.795 6.25 -78 116 3.71 8.1 1.42 2.7 41 35.2 1.0 
W 
LV 
ELlCHOBN SLOUGH - K>SS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 23 OCT 1974 SAMPLING DEPTH 1.0 m TIDE 4.1 ft 0743 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt ti/1 ug-at/1 % ug-atoms/1iter mg/1 -m 
1 1010 17.7 35.156 4.85 34 93 4.24 2.6 .92 22.1 40 29.1 .6 
2 1020 17.7 35.246 4.89 30 94 2.97 . 4.1 .47 14.1 35 53.1 .6 
3 1050 18.1 34.620 4.26 84 82 2.73 3.5 .55 18.2 31 31.8 1.0 
4 1103 18.2 34.005 4.02 107 77 2.80 2.8 .46 21.4 35 29.3 .1.5 
5 1113 18.8 33.564 3.19 177 62 2.95 1.8 .35 19.7 33 10.0 1.5 
6 1122 18.8 33.297 4.57 55 88 1.78 1.1 .12 .0 23 16.9 1.5 
7 1138 16..9 32.888 4.55 75 84 21.10 38.3 3.48 46.6 78 16.9 1.5 
8 1130 18.4 33.330 4.61 55 88 1.62 2.7 .03 .0 24 19.8 1.2 
9 1153 16.8 28.301 4.36 107 78 3.96 2.3 .39 1.8 47 12.0 1.0 
10 1220 17.8 29.399 4.52 80 83 11.90 19.7 2.94 24.8 68 18.9 .6 
11 1202 17.3 26.314 4.06 136 73 20.88 46.3 3.38 .0 79 21.9 1.1 
w 
+-­
( t (
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EL1OIORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 12 NOV 1974 SAMPLING DEPTH 1.0 m TIDE 6.0 ft 838 PST 
STN TDlE TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt 111/1 us-at/1 % us-atoms/liter msl1 m 
1 1012 15.0 33.312 5.10 42 92 2.64 6.6 .66 21.5 30 28.6 .8 
2 1021 14.9 33.657 4.54 92 81 2.46· 3.1 .61 16.8 28 49.0 1.1 
3 1031 16.0 33.491 3.73 1 68 2.57 9.9 .53 34.1 26 29.6 1.1 
4 1040 15.0 33.605 4.44 100 80 2.25 10.8 .46 19.9 27 29.4 1.3 
5 1046 14.5 33.627 4.79 74 85 2.08 9.3 .53 25.1 24 37.5 1.3 
6 1052 13.7 33.563 5.21 45 91 1.51 9.0 .34 3.2 21 47.7 1.4 
7 1106 15.0 33.483 4.07 134 73 2.62 7.9 .64 33.0 30 28.9 1.3 
8 1100 14.0 33.551 4.64 93 82 1.53 9.6 .32 3.0 21 51.4 .9 
9 1116 14.7 32.690 4.47 104 79 5.94 11.0 1.09 25.3 34 29.9 1.4 
10 1131 14.9 29.138 4.03 153 70 13.53 26.6 3.25 45.6 72 25.7 1.2 
11 1127 14.8 29.765 3.75 177 65 16.11 27.3 3.25 72.6 79 24.2 1.3 
W 
\J1 
ELKHORN SLOUGH - !l>SS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 11 DEC 1974 SAMPLING DEPTH 1.0 18 TIDE 6.5 ft 811 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt ml/1 ug-at/l % ug-ato1DS/liter mg/1 • 
1 905 10.8 30.333 6.09 11 98 1.31 9.0 .50 1.3 30 25.0 1.6 
2 928 11.5 31.372 4.61 131 76 1.10 8.6 1.12 1.1 26 21.3 1.5 
3 949 14.2 32.897 3.66 180 64 1.49 10.1 .45 1.4 21 22.0 1.4 
4 1000 15.0 33.405 3.95 145 71 .74 7.8 .32 .7 14 23.0 1.5 
5 1009 14.2 33.491 5.98 -28 106 1.16 6.2 .26 1.1 12 27.4 1.5 
6 1018 14.2 3(J.S10 '6.10 -39 108 1.08 5.8 .25 1.0 13 32.8 1.5 
7 1038 13.9 33.257 5.12 52 90 1.74 10.6 .94 1.7 22 24.8 1.7 
8 1030 14.4 33.524 5.83 -17 103 1.10 5.7 .24 1.1 11 35.7 1.4 
9 1055 13.8 32.581 5.55 17 97 2.94 16.9 1.02 2.9 34 22.7 1.9 
10 1111 12.8 30.257 4.85 98 81 6.11 38.8 2.41 6.1 63 22.8 1.5 
11 1104 13.0 30.702 4.61 116 78 5.59 32.6 2.01 5.6 69 43.0 1.6 
UJ 
0\ 
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( ( (
 
ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 26 JAN 1975 SAMPLING DEPTH 1.0 m TIDE 6.1 ft 852 PST 
STH TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCSI 
·C ppt ml/1ug-at/1 % ug-atoms/1iter mg/1 m 
1 1051 13.0 33.019 5.11 63 88 1.35· 5.7 .41 3.0 23 22.2 1.4 
2 1057 13.0 33.177 5.25 50 90 1.35 8.8 .41 5.6 21 23.3 1.7 
3 1104 13.5 33.581 5.07 59 88 1.14 10.1 .40 5.6 17 27.1 1.6 
4 1111 13.6 33.613 5.45 24 95 .93 9.3 .32 3.5 16 26.6 1.7 
5 1117 13.3 33.639 5.33 38 93 .81 8.5 .27 1.5 15 25.3 1.6 
6 1124 12.7 33.609 5.67 14 97 .76 9.3 .24 3.2 14 35.1 1.1 
7 902 13.8 33.556 5.11 53 90 1.21 12.1 .60 5.4 20 22.2 1.7 
8 855 12.5 33.587 6.24 -33 107 .70 8.8 .24 .0 13 16.6 6.2 
9 845 13.3 33.172 5.38 35 93 1.93 15.3 .00 5.7 21 20.6 2.0 
10 838 13.0 33.207· 4.93 79 85 4.88 24.3 1.20 6.1 27 23.6 1.6 
11 830 13.0 33.177 4.76 94 82 6.68 28.1 1.40 8.5 28 22.2 1.7 
W 
--.J 
ELICIlORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 25 FEB 1975 SAMPLING DEPTH 1.0 III TIDE 5.8 ft 1028 PST 
STN TIME TEMP SALIN OXYGEN ADU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCBI 
·C ppt ml/l ug-at/1 % ug-atoms/1iter mg/1 III 
1 1112 13.7 26.662 6.56 -51 110 .82 18.9 1.38 6.6 78 35.4 .6 
2 1117 12.9 28.813 5.80 18 97 .79 11.8 .89 7.4 51 37.5 .9 
3 1126 12.0 33.838 4.36 142 73 1.79 19.2 .54 5.5 37 19.5 1.0 
4 1135 11.2 33.509 4.49 137 75 1.67 19.3 .31 2.3 38 18.1 1.5 
5 1142 12.2 33.184 4.24 149 72 .79 11.9 .30 .8 24 23.2 1.3 
6 1148 12.4 33.223 6.32 -38 107 .62 7.8 .29 .7 19 33.1 1.6 
7 1205 12.0 33.073 1.48 10.4 .72 4.4 24 13.2 1.0 
8 1154 12.2 33.304 6.08 -15 103 .72 9.6 .30 2.2 19 39.2 1.9 
9 1222 11.5 32.855 3.93 186 65 2.67 32.1 .84 5.7 23 18.5 1.0 
10 1236 13.0 30.027 5.95 0 100 . 5.34 37.6 1.53 3.1 43 22.0 .8 
11 1230 13.0 28.756 5.29 62 88 6.58 59.1 2.53 4.0 72 21.4 .9 
w 
(( ( 
00 
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EL1QIORN SLOUGH - K>SS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 30 MAR 1975 SAMPLING DEPTH 1.0 m TIDE 4.1 ft 1529 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·C ppt ml/l ug-at/l % ug-atoms/liter mg/l 11 
1 1611 17.0 16.980 7.46 -134 125 1.39 47.2 1.38 3.2 99 44.5 .3 
2 1620 15.2 23.316 6.04 -9 102 .99 . 13.3 .67 .0 87 44.4 .6 
3 1632 15.2 25.987 4.96 77 85 .90 16.8 .54 .2 64 31.8 
4 1642 13.5 29.996 4.78 98 81 1.60 21.0 .53 2.2 48 32.0 
5 1651 12.8 32.402 4.96 81 85 2.16 32.6 .52 8.1 39 26.1 
6 1700 12.6 33.441 1.73 30.7 .47 .5 33 17.9 
7 1712 14.9 30.707 5.00 61 88 2.71 50.0 1.56 3.9 60 
8 1705 12.5 33.385 4.08 159 70 1.81 27.4 .52 .5 37 19.3 
9 1725 13.9 29.427 4.10 156 70 4.27 67.0 1.77 8.1 86 19.6 
10 1742 13.5 26.954 4.69 117 78 6.16 63.7 2.69 8.0 138 30.2 
11 1738 14.3 27.604 3.19 240 54 5.77 64.4 2.83 7.8 104 29.0 
W 
\0 
ELlCHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 28 APR 1975 SAMPLING DEPTH 1.0 m TIDE 4.2 ft 1409 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
°c ppt mill ug-at/1 % ug-atoms/liter mg/1 m 
1 1555 20.5 26.420 4.96 27 94 2.20 35.0 2.13 6.8 71 22.4 .5 
2 1605 19.2 30.885 3.66 140 70 2.15 10.1 .54 3.8 30 35.1 .6 
3 1635 20.0 31.808 4.92 18 96 1.84 8.7 .41 2.2 22 15.4 .6 
4 1645 15.5 32.961 3.01 225 54 2.22 11.0 .44 5.3 20 7.4 1.1 
5 1655 13.9 33.610 4.28 126 75 2.17 23.9 .42 2.8 29 8.1 1.7 
6 1700 13.6 33.702 3.36 211 59 2.11 .42 .8 33 19.8 2.5 
7 1710 18.0 32.949 5.26 1 100 1.62 34.0 2.17 .2 37 22.8 .2 
8 1705 . 13.9 33.649 5.16 47 91 2.02 16.9 .42 1.1 29 8.3 7.0 
9 1720 14.8 30.723 4.83 77 85 4.87 63.0 12.8 58 6.9 1.7 
.p­
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ELDOIH SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 28 HAY 1975 SAMPLING DEPTH 1.0 m TIDE 4.7 ft 1441 PST 
STH TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
°c ppt mI/1 ug-at/1 % ug-atoms/1iter mg/1 m 
1 1504 23.0 34.245 5.89 -97 123 2.42 .5 .11 .0 20 50.6 .4 
2 1514 21.9 35.171 2.82 181 58 2.05 3.4 .21 .0 30 63.4 .6 
3 1535 22.5 34.900 4.17 57 87 1.88 7.8 .26 2.3 27 58.9 .8 
4 1545 18.0 3.81 2.32 17.9 .64 5.9 30 22.7 1.1 
5 1555 15.0 33.850 5.85 -25 105 1.68 23.2 .39 1.8 21 19.0 1.8 
6 1605 15.0 33.810 7.69 -190 138 .71 13.2 .16 .0 7 21.1 2.1 
7 1625 20.0 33.820 6.65 -141 131 1.33 7.2 .72 .0 28 40.4 1.0 
8 1615 15.0 33.807 6.11 -49 110 .83 3.6 .21 .9 8 18.3 2.9 
9 1633 19.3 30.280 5.60 -31 107 6.20 79.7 3.84 9.9 ·59 21.7 1.1 
10 
11 
1650 
1645 
17.0 
16.9 
31.980 6.71 
4.60 
-115 124 4.60 
3.97 
52.6 
55.3 
2.51 
1.77 
5.7 
6.9 
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34 
29.2 
32.1 
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ELlCHORN SLOUGH - HOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 25 JUN 1975 SAMPLING DEPTH 1.0 m TIDE 4.4 ft 1335 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
·c ppt ml/1 ug-at/1 . % ug-atoms/liter mg/1 m 
1 1318 21.0 34.011 6.22 -111 125 1.83 4.7 .84 .0 53 49.7 .3 
2 1324 19.8 35.129 3.63 125 72 1.55 .0 .09 .0 40 50.9 .3 
3 1346 19.0 35.088 4.54 51 89 1.50 1.8 .24 .0 29 20.1 1.0 
4 1352 17.2 34.276 4.41 80 83 1.91 32.3 .60 2.4 29 20.2 1.0 
5 1400 14.8 34.013 5.36 19 96 3.04 24.3 .73 2.1 88 22.7 .6 
6 1411 13.7 34.007 4.58 100 80 1.58 25.9 .33 .0 27 18.6 2.5 
7 1417 15.9 33.934 5.17 25 95 2.53 17.0 .89 1~0  35 17.7 .5 
8 1426 16.3 33.970 5.73 -28 106 1.48 10.6 .39 .4 24 21.4 2.0 
9 1439 15.9 31.575 4.93 54 89 10.80 60.4 .39 13.6 66 22.4 1.0 
10 1454 20.6 14.140 7.39 -154 131 46.00 75.4 2.57 64.0 239 47.9 .5 
11 1459 21.2 19.805 7.16 -155 132 42.20 76.8 2.24 58.2 215 22.4 .6 
~ 
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Time Series Studies Hydrographic Data Summaries 
16 - 17 October 1974
 
Stations 3 and 5
 
4 - 5 April 1975
 
Sta tions 3 and 5
 
ELlQlORN SLOUGH - K>SS LANDING HARBO~ DATA SUMMARY 
SAMPLE DATE 16 OCT 1974 SAMPLING DEPTH 1.0 m TIDE 1.8 ft 447 PST 
5.8 ft 1110 PST 
-.8 ft 1748 PST 
STN TIME TEMP 
°c 
SALIN 
ppt 
OXYGEN AOU 
ml/1 ug-at/1 
SAT 
% 
PHOSPHATE NITRATE NITRITE AMMONIA SILICA" SUSP SED SEeCRI 
ug-atoms/1iter mgt1 'II 
pH AU 
meq/l 
3 1300 18.8 33.758 4.39 70 85 2.41 1.2 .23 5.3 26 22.1 8.02 1.77 
3 1400 18.7 33.690 4.26 82 82 2.78 1.8 .28 6.2 26 26.1 8.06 1.86 
3 1500 20.0 34.035 4.69 32 93 2.42 2.2 .42 8.3 25 28.1 8.03 1.65 
3 1600 21.6 34.458 6.57 -148 134 2.21 6.6 .33 1.6 34 31.2 8.17 1.95 
3 1700 21.5 34.904 6.86 -175 140 2.21 1.9 .21 .5 31 60.6 8.24 1.70 
3 1800 21.4 35.058 6.74 -164 138 2.92 2.8 .36 .7 45 63.6 8.22 
3 1900 21.6 35.089 6.65 -157 136 2.78 2.1 .49 1.1 31 29.2 8.22 1.99 
3 2000 21.2 35.042 5.60 -60 114 2.39 2.2 .30 3.2 31 32.2 8.15 1.90 
3 2100 21.0 35.012 6.23 -115 126 2,.41 1.9 .25 2.0 28 33.4 8.17 1.67 
3 2200 n.o 34.898 6.18 -110 125 2.76 2.7 .32 3.4 42 33.9 8.16 2.23 
3 2300 20.8 34.276 6.04 -96 122 2.41 1.7 .27 3.1 29 34.5 8.16 1.77 
3 2400 20.5 34.599 5.87 -78 118 2.59 2.5 .40 4.9 38 29.7 8.13 2.26 
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 17 OCT 1974 SAMPLING DEPTH 1.0 m TIDE 4.5 ft 39 PST 
2.2 ft 529 PST 
5.7 ft 1147 PST 
-.7 ft 1833 PST 
STN TIME TEMP 
·C 
SALIN 
ppt 
OXYGEN ADU 
ml/1 ug-at/1 
SAT 
% 
PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI 
ug-atoms/liter mg/1 m 
pH ALK 
meq/1 
3 100 20.2 34.330 5.18 -13 103 2.56 2.2 .42 7.2 41 27.0 8.09 
3 200 19.2 34.119 4.99 12 97 2.11 1.2 .34 5.4 33 24.6 8.09 2.16 
3 300 19.5 34.262 5.02 6 99 1.79 1.4 .25 4.4 26 35.5 8.08 1.63 
3 400 19.5 34.542 5.04 3 99 2.27 1.0 .24 3.9 24 29.4 8.09 1.78 
3 500 19.7 34.627 4.98 7 98 2.54 1.5 .35 4.1 34 10.5 8.17 2.31 
3 600 19.7 34.792 4.87 16 96 2.16 2.9 .27 4.1 34 17.2 8.18 1.73 
3 700 19.5 34.785 4.93 13 97 2.03 1.4 .28 3.5 39 12.8 8.16 2.12 
3 800 19.4 34.708 4.85 21 95 1.85 1.5 .24 .0 35 32.4 8.14 1.57 
3 900 19.4 34.630 4.90 17 96 1.98 1.7 .27 .0 38 32.7 8.15 1.51 
3 1000 19.4 34.434 4.76 30 93 1.94 1.9 .22 .0 38 31.4 8.11 1.32 
3 1100 19.3 34.200 4.61 45 90 1.94 2.5 .28 1.1 40 28.1 2.08 
3 1200 19.4 33.955 4.22 79 83 1.87 2.6 .28 .0 51 26.9 1.86 
3 1300 18.9 33.733 4.48 61 87 1.64 3.4 .24 3.9 34 26.0 1.74 
3 1400 18.8 33.625 5.60 -37 108 1.43 2.3 .20 3.9 30 24.1 2.14 
3 1500 19.8 33.829 4.61 42 91 1.68 2.9 .30 3.9 36 30.3 
+:­
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ELKHORN SLOUGH - K>SS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 16 OCT 1974 SAMPLING DEPTH 1.0 m TIDE 1.8 ft 447 PST 
5.8 ft 1110 PST 
-.8 ft 1748 PST 
STN TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI pH A'LK 
°c ppt ml/1 ug-at/1 % ug-atoms111 ter mg/l m meq/l 
5 1300 16.8 33.499 6.42 -92 119 .61 .2 .05 .8 12 27.1 8.27 1.5: 
5 1400 17.2 33.510 6.21 -71 116 .15 .8 .02 .9 12 35.3­ 8.. 30 1.51 
5 1500 19.4 33.655 7.08 -114 138 1.16 1.6 019 2",4 20 44.3 8.29 1&69 
5 1600 19.8 33.978 6.29 -108 124 1e 36 1.4 .18 3.6 21 33.2 8.20 1.91 
5 1700 20.2 33.907 6.84 -160 136 1.67 4.6 .29 1.2 39 37.8 8.24 2.02 
5 1800 20.2 34.048 5.91 -77 117 1.07 5.4 .34 2.7 1.1 31 .. 7 8.16 
5 1900 20.2 34.228 5.48 -39 109 .96 9.7 .38 3.7 31 26.4 8.11 
5 2000 20.0 34.272 5.77 -64 114 1.30 1.9 .26 3.9 26 29.0 9.08 1.63 
5 2100 19.8 34.111 5.48 -36 108 1.85 2.0 .28 3.6 30 27.4 8.11 1.81 
5 2200 19.9 33.246 5.02 6 99 1.97 2.0 .31 5.3 34 25.2 8.08 1.90 
5 2300 20.3 33.842 3.48 138 69 1.79 1.7 .24 4.8 20 30.5 8.03 
5 2400 18.3 33.509 5.14 8 98 1.67 3.7 .31 2.6 28 20.6 8.15 2.22 
~  
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ELmORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 17 OCT 1974 SAMPLING DEPTH 1.0 III TIDE 4.5 ft 39 PST 
2.2 ft 529 PST 
5.7 ft 1147 PST 
-.7 ft 1833 PST 
sm Tum TEMP SALIN OXYGEN ADU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI pH ALK 
·c ppt till ug-at/1 % ug-atoms/1iter mg/1 m lIleq/1 
5 100 17.2 33.420 5.09 -74 116 1.07 1.7 .17 1.3 21 26.7 8.29 
5 200 17.0 33.456 6.81 -129 127 .96 1.0 .12 1.0 19 8.32 1.69 
5 300 17.2 33.424 5.09 22 95 1.30 2.1 .16 1.7 24 28.8 8.27 1.92 
5 400 18.2 33.608 4.35 79 83 2.03 3.0 .32 5.6 29 26.6 8.08 1.99 
5 500 19.5 33.818 4.19 82 82 2.03 2.3 .35 7.3 30 9.9 8.06 
5 600 19.3 33.903 3.98 102 78 f 1.99 1.7 .32 6.5 30 8.7 8.06 1.88 
5 700 19.2 33.932 4.03 98 79 1.63 .9 .22 5.0 21 8.8 8.06 1.46 
5 800 17.5 33.745 4.49 72 85 1.7~ 1.6 .30 5.5 34 24.0 8.12 2.15 
5 900 17.9 33.693 3.62 146 69 1.65 1.3 .22 4.8 28 28.4 8.10 1.57 
5 1000 17.5 33.024 5.05 24 95 .95 .7 .10 3.0 18 26.6 8.24 1.32 
5 1100 15.8 33.486 4.86 55 89 1.00 3.0 .14 .0 20 26.4 1.65 
5 1200 15.4 34.119 6.54 -92 119 .41 .0 .00 .0 21 35.6 1.12 
5 1300 15.3 33.478 6.91 -122 125 .45 .0 .00 .0 16 32.9 1.37 
5 1400 15.9 33.485 6.83 -120 125 .40 .0 .00 .0 15 31.0 1.42 
5 .1500 17.5 33.539 7.26 -174 137 .92 .4 .02 .1 25 35.5 2.01 
~  
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 16 OCT 1974 SAMPLING DEPTH Bottom TIDE 1.8 ft 447 PST 
5.8 ft 1110 PST 
-.8 ft 1748 PST 
STN TDm TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SI1ICA·SUSP SED SECCHI pH ALK 
°c ppt ml!l ug-at!l % ug-atoms/liter mg/1 m meq!l 
5 1300 33.501 68 28 .74 .3 .02 .4 17 24 .. 2 8.27 2.09 
5 1400 15.8 33.493 6.69 -107 122 1.05 .4 .03 .9 14 35.3 8.31 1.65 
5 1500 17.4 33.678 5.90 -52 III 1.12 1.8 .16 2.9 17 35.2 3.22 1~90  
5 1600 18.8 33.773 5.54 -32 107 1.35 1.9 .19 4.8 25 56.4 8.14 1.91 
5 1700 19.2 33.978 5.85 -64 114 1.13 3.7 .34 2.7 38 40.5 8.16 2.19 
5 1800 20.1 34.186 7.25 -197 144 .91 3.8 .38 3.4 34 31.5 8.12 
5 1900 20.2 34.269 5.52 -43 110 .95 2.8 .39 4.0 45 29.8 8.11 2.29 
5 2000 20.3 34.235 2.23 2.5 .37 5.0 30 8,,08 2.01 
5 2100 20.0 34.067 5.32 -25 106 1.69 1.5 .19 3.7 20 28.1 8.09 1.42 
5 2200 19.8 33.945 4.83 22 9S 2.01 2.0 .31 5.7 33 30.5 8.07 1.96 
5 2300 20.1 33.818 4.35 62 86 1.81 1.9 .25 5.2 19 32.7 8.05 
5 2400 17.8 33.376 5.87 -52 111 1.13 2.2 .18 1.0 20 27.5 8.25 1.59 
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ELlCHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 17 ocr 1974 SAMPLING DEPTH Bottom TIDE 4.5 ft 39 PST 
2.2 ft 529 PST 
5.7 ft 1147 PST 
-.7 ft 1833 PST 
STN TIME TEMP 
DC 
SALIN 
ppt 
OXYGEN AOU 
ml/1 ug-at/1 
SAT 
% 
PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCRI 
ug-atoms/liter mgl1 m 
pH ALK 
meq/1 
5 100 17.0 33.427 7.11 -156 133 .91 1.2 .12 .0 21 26.7 8.37 1.84 
5 200 17.3 33.453 6.95 -144 130 .95 1.1 .11 1.2 18 20.7 8.36 1.57 
5 300 17.0 33.424 5.88 -46 110 1.32 1.9 .21 2.2 23 27.0 8.27 1.90 
5 400 18.2 33.677 4.08 103 78 1.88 2.4 .33 5.6 26 30.6 8.04 1.96 
5 500 19.3 33.845 3.96 104 77 2.19 2.6 .40 8.4 38 12.5 8.06 2.10 
5 600 19.0 33.940 4.13 91 80 1.64 1.3 .27 5.3 30 9.8 8.07 1.72 
5 700 19.2 33.921 4.00 101 78 2.10 2.1 .35 7.4 34 10.4 8.06 2.15 
5 800 18.0 33.750 4.83 37 92 1.43 .8 .14 5.1 26 14.6 8.08 1.39 
5 900 17.5 33.571 4.42 79 83 1.33 1.1 .19 4.0 27 26.8 8.15 1.63 
5 1000 17.3 33.424 5.00 29 94 1.16 1.3 .14 3.2 24 27.4 8.24 1.65 
5 1100 15.9 33.446 5.35 11 98 .74 .0 .03 .0 17 35.7 1.55 
5 1200 15.2 33.468 6.57 -90 118 .41 .0 .00 .0 16 34.3 1.42 
5 1300 15.3 33.475 6.85 -U6 124 .62 .0 .02 .0 18 31.7 1.29 
5 1400 16.0 33.483 7.04 -140 129 .44 .0 .00 .0 22 30.6 1.68 
5 '1500 17.7 33.541 7.35 -184 139 .79 1.2 .03 .0 26 37.8 2.36 
~  
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 4 APR 1975 SAMPLING DEPTH 1.0 m TIDE 4.2 ft 537 PST 
.3 ft 1229 PST 
4.0 ft 1936 PST 
SIN TIME TEMP SALIN OXYGEN ADU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCRI pH All{ 
·C ppt ml/1 ug-at/1 % ug-atoms111 ter mg/l m meq!l 
3 1200 14.6 26.132 5.69 18 97 1.22 9.8 .45 3.5 33 16.8 .6 7.95 1e 97 
3 1300 14.8 26.043 4.87 90 83 1.17 3.8 .32 .6 45 17.0 .6 70 87 2.. 01 
3 1400 15.. 2 26.032 6.40 -50 110 1.,40 2.3 .39 ,,3 59 17.2 .7 .i 0 87 2.44 
3 1500 16.0 26,.043 7.09 -120 124 1.26 2.. 9 .25 .2 36 47.6 .5 8.04 2.65 
3 1600 16.0 26.386 7.10 -122 124 1.24 1.6 .16 1.5 61 57.2 05 7G 95 
3 1700 16.0 26.674 7.04 -188 123 1.18 2.2 .14 1.2 51 72.8 .5 8.15 2Q 54 
3 1800 15.6 27.863 6.71 -88 117 1.04 2.4 .41 1.3 59 59.6 .5 8.10 2.14 
3 1900 15.5 28.708 6.43 -65 113 .97 3.7 .33 .0 37 48.9 .7 8.10 1.8l 
3 2000 15.0 28.929 6.24 -44 109 .93 2.4 .28 1.5 25 47.5 8.10 
3 2100 15.0 29.246 5.83 -8 102 1.05 5.4 .37 1.0 37 42.4 8.02 1.82 
3 2200 14.8 29.052 6.17 -36 107 .86 5.5 .31 1.3 30 43.1 8.01 1.56 
3 2300 14.9 28.449 5.94 -14 103 .73 J.J .24 .5 35 26.4 8.06 1.64 
3 2400 14.7 28.240 5.98 -15 103 .83 2.4 .37 1.1 39 29.8 8.02 
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ELlCHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 5 APR 1975 SAMPLING DEPTH 1.0 m TIDE 2.5 ft 54 PST 
4.1 ft 646 PST 
.4 ft 1322 PST 
4.2 ft 2017 PST 
sm TIME TEMP 
·c 
SALIN 
ppt 
OXYGEN AOU 
ml/1 ug-at/1 
SAT 
% 
PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCUI pH 
ug-ato1ll8/11ter mgl1 . Dl 
- -­ ._.._-~ --­ . 
ALlt 
meq/1 
. - --­ .---.. _.- .....--_.--­
3 100 14.4 27.438 5.55 28 95 1.56 1.6 .17 .5 27 28.8 8.05 1.42 
3 200 14.0 27.324 4.64 114 78 .78 1.3 .20 .4 32 28.1 8.01 1.66 
3 JOO 13.9 27.436 3.09 253 52 .80 1.0 .18 1.5 18 29.2 8.01 1.42 
3 400 14.0 27.640 3.38 229 57 .96 2.1 .30 .8 49 28.6 8.00 2.64 
3 SOO 14.0 27.885 5.43 42 92 .94 2.3 .59 .3 42 29.3 7.99 2.02 
3 600 13.8 28.694 3.57 207 61 .97 4.4 .28 2.4 30 27.2 7.98 1.64 
3 700 14.0 29.209 5.16 61 88 1.16 5.0 .33 2.6 28 27.0 7.95 1.76 
3 800 14.0 29.176 2.47 300 42 1.18 4.4 .28 3.3 22 23.8 7.92 1.42 
3 900 13.5 29.585 2.67 288 45 1.14 7.0 .54 1.8 34 26.4 7.96 2.03 
3 1000 13.0 28.473 2.58 305 43 1.26 5.7 .36 .8 40 27.2 7.97 2.27 
3 1100 13.3 27.849 2.62 301 44 1.07 1.5 .29 2.2 36 26.0 8.02 2.01 
3 1200 13.2 26.473 5.29 68 87 1.62 5.7 .49 1.9 46 38.6 8.04 2.17 
3 1300 13.1 25.031 5.63 44 92 1.40 5.2 .41 1.5 37 40.4 8.02 1.78 
3 1400 14.1 24.199 5.14 79 85 1.42 5.0 .38 4.2 41 29.7 8.03 1.86 
3 1500 14.7 23.659 3.90 185 65 1.83 2.0 .26 4.6 38 24.9 8.02 1.89 
V1 
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ELKHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
SAMPLE DATE 4 APR 1975 SAMPLING DEPTH 1.0 m TIDE 4.2 ft 537 PST 
.3 ft 1229 PST 
4.0 ft 1936 PST 
SIP. TIME TEMP SALIN OXYGEN AOU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI pH ALK 
·c ppt ml/1 ug-at/l % ug-atoms /11 ter mg/l m meq/l 
5 1200 14e 6 30.753 5o;al1 54 89 1.31 15.1 1.01 1.6 42 6.0 7.75 2.09 
5 :;'300 15.0 30.235 5.41 25 95 1.23 12.5 .50 .0 43 10.4 7.95 2.15 
.5 1400 16.0 30.330 4.75 74 85 1.. 38 14.4 .. 56 4.6 40 6.2 7.77 2.06 
.5 
;t 
~  ~,  
1500 
loGe 
170fJ 
16.5 
16.0 
15., 
30.667 
30,,&61
:n.176 
S.80 
4c09 
4e 14 
-25 
131 
130 
105 
74 
74 
1.34 
1.55 
1.59 
12.8. 
17.1 
18.9 
.55 
.69 
.71 
3.1 
4.5 
4.9 
41 
47 
43 
9.4 
17.6 
9.1 
7.88 
7.84 
7.95 
2.07 
2.45 
2.36 
I;
. 180D 16.9 31.743 4 9 97 41 92 2.03 29.9 .92 6.8 43 8.0 7.93 2.16 
~ 1900 1511 2 :Uor;678 4.34 104 19 1.97 27.8 .81 7.2 37 16.7 719 92 1.80 
5 20GO IS c 8 31.919 2.07 36.1 It.98 6.2 42 44.3 7.89 2.29 
S 2100 14.9 32.559 1.38 24.3 .63 4.7 30 43.1 7.93 1.59 
5 2200 15.2 32.320 2.00 30.4 .88 5.3 38 48.6 7.94 2.06 
5 2300 15.6 31.901 1.90 25.6 .80 5.6 34 55.4 7.88 1.67 
5 2400 15.6 31.721 1.76 24.3 .72 5.6 . 30 24.6 7.87 1.65 
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ELlCHORN SLOUGH - MOSS LANDING HARBOR DATA SUMMARY 
.. 
SAMPLE DATE 5 APR 1975 SAMPLING DEPTH 1.0 m TIDE 2.5 ft 54 PST 
4.1 ft 646 PST 
.4 ft 1322 PST 
4.2 ft 2017 PST 
STN TIME TEMP SALIN OXYGEN ADU SAT PHOSPHATE NITRATE NITRITE AMMONIA SILICA SUSP SED SECCHI pH ALK 
·C ppt ml/1 ug-at!l % ug-atoms!liter mg!l III meq!l 
5 100 16.0 31.590 1.98 28.2 .85 8.2 39 24.0 7.85 1.97 
5 200 15.4 31.519 4.62 87 83 2.21 35.1 1.02 8.6 33 28.5 7.82 2.42 
5 300 15.0 31.488 4.43 108 79 2.18 28.8 .99 8.0 47 27.6 7.82 2.37 
5 400 15.0 31.729 4.50 101 80 1.78 22.1 .68 6.2 31 23.4 7.85 1.63 
5 500 15.0 31.807 4.71 77 85 2.30 28.3 .96 6.9 39 25.3 7.88 2.15 
5 600 14.8 32.075 4.85 71 86 2.72 31.9 1.00 8.2 48 25.0 7.89 2.36 
5 700 14.9 32.255 4.92 63 87 2.08 20.1 .80 8.3 26 23.7 7.93 1.89 
5 800 15.0 32.093 5.84 -19 104 1.75 28.2 1.04 8.5 31 29.0 7.94 1.91 
5 900 15.0 32.090 5.84 -19 104 2.22 13.4 .68 7.1 16 38.0 7.93 2.17 
5 1000 14.0 31.680 6.40 -57 111 1.69 17.9 .72 6.4 29 29.5 7.87 1.79 
5 1100 14.0 31.329 5.90 -11 102 1.61 17.2 .74 6.3 29 25.7 7.84 1.89 
5 1200 13.2 30.571 5.92 -2 100 1.37 12.6 .61 6.2 33 25.5 7.86 1.89 
5 1300 13.5 30.099 4.63 111 79 1.22 9.6 .56 4.4 32 47.7 7.81 1.93 
5 1400 13.8 29.661 4.62 110 79 1.22 5.9 .48 3.9 39 24.5 7.91 1.92 
5 1500 13.7 29.580 .92 .0 .38 1.4 55 25.6 7.91 1.60 
\Jl 
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BENTInC (INVERTEBRATE) BASELINE STUDIES OF
 
THE MOSS LANDING - ELKHORN
 
SLOUGH ENVIRONMENT
 
I. Introduction 
This section of the report summarizes the qualitative and quantita­
tive data, with respect to benthic marine invertebrate communities of 
the Elkhorn Slough and the adjacent shallow waters of Monterey Bay. 
Previous quantitative benthic community work in the Moss Landing 
area has all been conducted offshore. The most extensive study of the 
offshore area was carried out for the Association of Monterey Bay Area 
Governments by the Moss Landing Marine Laboratories with joint funding 
by AMBAG and Sea Grant. This program involved sampling ten stations 
in the north half of Monterey Bay for a period of eighteen months (Hodgson 
and NYbakken, 1973). Although most of these stations lay in water less 
than thirty meters deep, none were closer than three miles to Moss 
Landing. The best and most long term quantitative study of the nearshore 
benthic environment has been conducted by Oliver and Slattery since 1971, 
and is still in operation. Their study has produced the most detailed 
knowledge available concerning variation in natural communities in shallow 
subtidal areas south of the Monterey submarine canyon. The Moss Landing 
Marine Laboratories have also conducted a research program for Kaiser 
Industries for several years which has produced quantitative benthic data 
for three sites in and around their new outfall in Monterey Bay. 
Other studies of the offshore environment near Moss Landing have
 
been conducted for Pacific Gas & Electric by personnel of the Moss Landing
 
Marine Laboratories as well as private firms. Most of the data generated
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in these studies which have been made available to the staff of the 
Laboratories have been inadeq~lt~ in a quantitative sense. This in­
adequacy is due in most cases to varying sample size, inconsistent 
sampling times and identifications, insufficient replication, and in-
I 
I 
adequate time intervals for the conduct of the sampling'program. 
The most ambitious benthic sampling program yet undertaken in 
Monterey Bay was the joint effort of Hopkins Marine Station and the 
u.S. Naval Postgraduate School several years ago under the direction 
of Dr. Eugene Haderlie and Dr. Welton Lee. These agencies monitored 
a total of thirty-seven stations in the southern balf of Monterey Bay 
over a twenty-four month period. Unfortunately, none of their stations 
lay close to Moss Landing. The northernmost stations were at the Salinas 
River mouth. To date, the data accumUlated in the study has not been 
made available in published form. 
Other, smaller, incidental studies of the benthos have been carried 
out in Monterey Bay. The few that were conducted in the area in question 
suffer from one inadequacy or another for the purposes outlined by the 
Coastal Commission resolution. 
Although Elkhorn Slough is well known among Pacific Coast Marine 
biologists because of the classic paper of MacGinitie (1935), there 
appear to be no other extensive pUblished studies of its invertebrate 
fauna. Unfortunately, the MacGinitie paper is not a quantitative study 
and hence we are left with the situation that no published quantitative 
studies of Elkhorn Slough exist. 
It has been the object of this study then to attempt to sample quan­
titatively selected benthic areas in both Elkhorn Slough and the adjacent 
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shallow waters of Monterey Bay such that we may attempt to assess the 
community structure and its natural variability with time An impor­o 
tant second objective is to establish as complete an invertebrate species 
list for the area as possible. 
Initially we had hoped to sample at least three intertidal areas 
in Elkhorn Slough, two subtidal stations in Elkhorn Slough, three sub­
tidal stations offshore iB the vicinity of the tanker anchorage, and two 
stations on the open sand beaches. As we discovered once we had begun 
work, the number of stations was greater than we could handle effectively, 
especially at the two month sampling interval we had suggested. We fur­
ther discovered in conversations with Dr. Adrian Wenner of the University 
of California, that certain macrofauna1 organisms of the open sand beaches 
move constantly making it virtually impossible to sample them adequately. 
As a result we decided to drop sampling of the open intertidal sand beaches. 
Furthermore, initial work with species/area curves suggested that the 
eight to ten replicate samples was excessive and hence we have recently 
reduced the number of replicates to six or, in some cases, fewer. We have 
continued bimonthly sampling in Elkhorn Slough intertidal areas, but in 
the offshore stations, based on work by Oliver and Slattery (personal com­
munication), we sampled first at monthly intervals and now quarterly. 
Similarly the sUbtidal areas in the harbor were monitored first at monthly 
intervals and now at quarterly intervals. 
Our intertidal station at Kirby Park has presented us with a con­
siderable unanticipated problem. This station has by far the greatest 
amount of organic debris in it. As a result the samples, of the original 
size (.018 m2) took an excessive amount of time to screen. Furthermore, 
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much debris remained after screening such that it was extremely time 
consuming to pick out the organisms (it was taking up to 200 hours to 
do samples). As a result we experimented with different sized samples 
and finally settled on one which was much smaller than the three pound 
coffee can. This enabled us to still take samples at Kirby Park and 
also to be able to process them. The present sampler used at Kirby 
2Park takes a sample of .005 m • 
It should also be noted that the first samples taken at the inter­
tidal stations in Elkhorn Slough (Skippers, Vierra, Kirby Park) in july, 
1974, were taken on a vertical transect through the intertidal rather 
than horizontally at a single tide level as were all;;ubsequent.samples. 
This undoubtedly has biased those samples, most probably by giving high­
!
,\ 
er numbers of species than would be found "i'i t one tide level. 
Certain groups were not considered in the analysis of the quantitative 
data. This was because we could not obtain valid species identification. 
The major groups here excluded were Nematoda, Nemertinea and Oligochaeta. 
Hence, most of oUr quantitative data deal with three abundant macrofauna 
groups: Crustacea, Polychaeta, and Bivalvia. 
The location of the quantitative sampling sites is given in Figures 
1 and 2. 
Qualitative sampling was also initiated in the spring of 1975. We 
embarked on this program primarily to obtain a better feeling for the 
invertebrate fauna of the slough as a whole, and to insure that oUr spe­
cies list would be more valid. The most important section of the quali­
tative sampling thus far has been the diVing survey in the channel. 
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Figure 1.	 The Moss Landing Harbor Area. The Station locations for the quantitative 
benthic study are indicated by 0 . Depth contours in fathoms. Stippled 
area indicates mudflats exposed at low tide <0,0 ft.). 
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Elkhorn Slough showing the location of the Kirby Park StationFigure ~. (KP-l) and the Stations sampled in the diving survey (1, 2, 3, 
4 and 5). 
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II. Material and Methods (Quantitative) 
A. Intertidal Sampling (Elkhorn Slough) 
Eight	 replicate samples were taken bimonthly at three stations with
 
2

.018 m coffee can cores. Samples were taken at random along a thirty 
meter transect line placed at about the -0.5 tide level. Three replicate 
3 
cores (.00016 m , height 17 cm, diameter 3.5 cm) were also taken for 
sediment analysis. 
As indicated, the Kirby Park samples contained a great deal of debris 
and made the sorting time unreasonable. Therefore in November samples 
2 
were taken with eight .005 m cores and with two deep cores with an area 
2
of .018 m and a depth of .5 m to determine the spatial and temporal dis­
tribution of the fauna. It was found by means of a species area curve 
2that eight replicate cores of .005 m size were a sufficient number. 
It was also determined with a species area cUrve that only six rep­
licates of the .018 m2 coffee can cores were needed to sufficiently ­
sample the stations at Skipper's mudflats (SK-l) and at Vierras (VP-U. 
Only six replicate cores have been used as of the sampling period of 
June, 1975. 
The samp1eSiwere softened in buckets of sea water and washed into 
'I
 
\
 
stacking l?creens'consisting of a 1 rom screen on top and a 0.5 mm screen 
on the bottom. All large and obvious animals were picked from the screens 
and relaxed in propylene phenoxeto1. These animals and the remaining 
materials on the screens were preserved in 10% formalin for at least 
twenty-four hours. The samples on the 1 rom and 0.5 rom screens were pre­
served and sorted separately. Samples were removed from the formalin 
and preserved in 70% ethanol and stained with rose bengal prior to sorting. 
-,
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The animals were separated from the remaining debris, enumerated, 
and identified to the lowest possible taxon with the use of Nikon dis­
secting and compound microscopes. The sorted and identified animals 
were labeled and preserved in 70% ethanol. A reference collection of 
all animals found in Elkhorn Slough has been compiled and will be de­
posited in the Moss Landing Marine Laboratories Museum. 
The Kirby Park samples collected in the period of July, 1974 to 
December, 1974 have not as yet been sorted due to the aforementioned 
problem of time required to sort and identify each replicate sample. 
These samples will probably be sorted by taking aliquots from each rep­
licate sample. 
B. Subtidal Sampling (Offshore and Harbor) 
All sampling and field observations were accomplished by divers 
using SCUBA. Most benthic infaunal samples were taken with diver held 
corers. The standard corer was, as in the intertidal, a three pound 
coffee can with both ends removed (height= 17 em; area = 0.018 m 2 ). Care­
ful diver implacement and snap-on plastic lids allowed the procurement 
of bottom cores with minimal disturbance and animal loss. Corers were 
loaded into a rack and transferred to the water surface by means of an 
air filled lift bag. Each core was washed over a screen with 0.5 mm 
square openings. The screen residue was fixed in buffered 10% formalin 
with rose bengal. Animals were sorted under dissecting microscopes, 
transferred to a 70% ethanol and 5% glycerin solution, and identified to 
the lowest possible taxon. 
Core samples were taken at all stations at varying intervals be­
tween JUly, 1974 and April, 1975. Station designations and locations 
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are shown in Figure 1. Most of the stations were sampled at the same 
time but some were visited more often than others. The tables and 
graphs which occUr in the text and appendix indicate the number of rep-
licate core samples (n) involved in the various calculations. 
Sediment samples were taken from each station in conjunction with 
the infaunal cores and analyzed for median particle diameter, sorting 
and percent sand fractions using a modified Emery tube analysis (Emery, 
1938). Percent organic carbon by weight was measured with a Leco-Carbon 
Analyzer. 
More than 90 per cent of the individuals and biomass of the worm 
fauna were polychaetes. The Nemertea and Enteropneusta were also in-
cluded in this group. 
The important major higher taxonomic groups, as in intertidal, are 
the Polychaeta, Crustacea and Mollusca. 
III. Species Composition and Temporal Changes in the Elkhorn Slough 
Intertidal 
Three classes, Polychaeta, Bivalvia, and Crustacea, dominate the 
intertidal benthic invertebrate fauna in Elkhorn Slough as they do also 
in the SUbtidal areas offshore in Monterey Bay. Since these three clas-
ses dominate and are the only ones for which we have good identifications, 
they will be the only groups discussed herein. 
At all three stations, Skippers (SK-l), Vierra (VP-l), and Kirby 
Park (KP-l), the polychaete fraction is dominated by capitellids and 
spionids. Species of these two families rank first, second and third 
in abundance at all stations for all sampling dates. The most abundant 
species in these ranks at Skippers are Mediomastus californiensis, 
:.. ' 
64 
Notomastus tenuis, Capitella capitata, Armandia bioculata, and Streblospio 
benedicti (Table 1). At Vierras the polychaete species occupying the top 
ranks at various sampling times have included Capitella capitata, Armandia 
bioculata, Notomastus tenuis, Platynereis bicanaliculata, and Prionospio 
cirrifera (Table 2). Only one sampling date has been completed for the 
Kirby Park station, and it showed the three top abundance ranks held by 
the spionids Streblospio benedicti, Polydora ligni and the syllid Exogene 
lourei (Table 3). 
With respect to Crustacea, it is the Peracaridea which dominate all 
the stations, but there are relatively few species present. At Skippers 
station, the most abundant species throughout the sampling period were the 
amphipods, Corophium acherusicum and Allorchestes angusta, the tanaidacean 
Leptochelia dubia and a species of the cumacean genus Cyclaspis. At Vierras 
the Crustacea were not always present and considerably decreased in abun-
dance of both individuals and species. The dominant form was usually a 
species of the Cumacean genus Cyclaspis although Allorchestes angusta 
was abundant in the july sampling. Kirby Park was rich in Pericaridea 
at the one sampling date for which data are available. At that time 
Cyclaspis sp. dominated the samples, but a species of the amphipod genus 
Corophium was next in abundance. 
The molluscan fauna at all stations consists primarily of bivalves. 
Skippers was dominated throughout the year by Macoma nasuta, sometimes 
being the only mollusc present. Protothaca staminea was the next most 
abundant clam. At Vierras ~. nasuta again was a dominant and no other 
clam was consistently present in numbers throughout the sampling period. 
At Kirby Park our single analyzed sample shows only the bivalve Gemma 
gemma present. 
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Unfortunately not all species of invertebrates occurred at each 
sampling site at each sampling date. This makes it virtually impossible 
-
to make meaningful statistical comparisons among all the stations for all 
sampling dates with respect to the whole array of species. In other words, 
most non parametric sta tistica 1. methods reqUire tha t each species be 
present at each sampling time such that a value may be assigned and sUb-
sequently evaluated. In the absence of such consistency, we must make 
comparisons of total numbers of species and individuals based on means 
from the replicates. 
Considering first the Skippers station, we observe that the total 
number of species per core of Mollusca, Po1ychaeta and Crustacea shows 
a slight downward trend from July, 1974 to April, 1975 (Figure 3). If, 
however, this is tested statistically, there is no significant difference 
(P ~.2, t-test). Hence it seems reasonable to say that the total number 
of species of all groups encountered per core does not show significant -
variation over the year If one looks at the individual categories ofo 
species, that is Mollusca, Po1ychaeta, and Crustacea, the situation is 
different. There is a highly significant difference in the number of 
Mollusc species per core between October, 1974 and all the other sampling 
dates (P< .01, t-test), the number of species being highest in October. 
The reason for this is not clear. The number of polychaete species/core 
is not significantly different at the different sampling dates nor is 
the number of crustacean species/core. 
Looking next at the numbers of individuals/core (Figure 4) we note 
considerable fluctuations over the sampling dates. The total number of 
individuals of all species/core is highest in December and drops off to 
a low in April. Despite the high variance of these figures, there is a 
-
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statistically significant difference between JUly and December 
(P<.05, t-test) and between December and April (P< .05, t-test). Since 
inspection of the graph indicates that the number of individuals of 
Crustacea shows a statistically significant decline from july to Decem-
ber (P« .01, t-test) and the number of individuals of molluscs per 
core remains constant, we can only attribute this significant rise in 
total numbers to the polych?ete.s. This large rise is due in part to the 
settlement, probably in late summer or early fall, of considerable num-
bers of the opportunistic polychaete species Armandia bioculata. Numbers 
of A. bioculata went from a mean of 0.50 individuals per core in july, 
1974 to a mean of 275.5 individuals per core in December, a highly sig-
nificant change. An additional reason for the rise was the settlement 
of large numbers of another opportunistic polychaete, Capitella capitata 
which was not present in any samples in July, but had a mean abundance 
of 138.6 individuals/core in October and 38.38 in December. In a similar 
manner, these two species showed a steep decline in abundance in February 
and are responsible for the significant decline in total numbers of in-
dividua Is seen between December, 1974 and April, 1975. 
Because diversity and diversity indices reflect variations in two 
parameters, species richness and "evenness" which individuals are dis-
tributed among the species, they are often used to explain changes occur-
ring in biological systems. Considerable controversy exists regarding 
the proper use of these ind:i.. ces at the present time. Nevertheless, we 
report diversity here, and we use the Shannon-Weaver equation for calcu~ 
lation (Figure 5). At Skippers the total diversity HI, as calculated 
over molluscs, polychaetes, and crustacea, shows a significant decline 
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from JUly to December (P< .01, t-test) followed by a significant rise 
to a high in April. This decline can be attributed primarily to the 
great influx of individuals of Armandia bioculata and Capitella capitata, 
which significantly reduced the evenness component of diversity and hence 
the index value, and to the significant decline in the number of mollusc 
species/core. 
The situation with resp~ct to changes in numbers of individuals, 
numbers of species, and diversity over the year is generally similar at 
the Vierra station (Figures 5, 6, & 7). The major differences here seem 
to arise from the fact that fewer speci.es occur in all three major groups 
at all times. The major difference from Skippers is in the changes in 
number of species per core over the year (Figure 6). Whereas Skippers 
showed no significant changes in total species number over the year, there 
is a significant increase in the total number of species/core from JUly, 
1974 to April, 1975 (P<~ .01, t-test). As at the Skippers station, the 
changes in the numbers of individuals per core changed dramatically over 
the year reaching a peak in December (Figure 7) and then declined. Again, 
this can be attributed to the massive increase in numbers of Armandia 
bioculata and Capitella capitata followed by their decrease in number. 
This is particularly dramatic at this station because the number of 
molluscs and crustaceans was so low. Diversity changes over the year also 
mirrored the Skippers station (Figure 5) and for the same reasons. 
No seasonal comparisons can be made at present at Kirby Park as only 
one full sample has been analyzed. 
Certain trends may be observed in comparing all three stations to-
gether. First, the total number of species per core and individuals per 
-
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Table .L.. page 1 of 2 pages 
SKIPPER'S (SK.l> 
7/20/74 (n:ol0) 10/15/74 (n- 8) 12/10/74 (nil 8) 
SPECIES x ~ a/ nr SPECIES -x ~ 8/ ('il SPECIES ~ ~  !llli . 
Polychaeta Polychaeta Polychaeta 
M. californiensis 13.20 9.07 2.87 C. capitata 138.63 135.55 47.93 C. capita ta 38.38 28.92 10.23 
N. tenuis 10.40 6.62 2.09 M. californiensis 5.50 4.11 1.45 M. californiensis 10.75 10.82 3.83 
p. brachycepha 1a 1.30 1.70 0.54 N. tenuis 5.25 5.55 1.96 N. tenuis 7.75 6.63 2.34 
p. cirrifera 1.20 1.87 0.59 Capite11id (juv.) 15.62 19.49 6.89 N. cornuta francis. 2.25 2.31 0.82 
S. benedicti 84.00 50.65 16.02 N. cornuta francis. 1.00 0.93 0.33 p. bicana1icu1ata 1.25 2.05 0.73 
E. lourei 1.30 1.49 0.47 P. bicana1icu1ata 2.38 2.67 0.94 A. biocu1a ta 275.50 155.64 55.03 
A. biocu1a ta 101.13 52.93 18.71 E. longa ca lif. 1.13 2.03 0.72 
E. longa ca lif. 1.00 1.07 0.38 P. cirrifera 5.25 8.22 2.91 
S. benedicti 29.63 48.50 17.15 P. pygmaeus 4.25 4.59 1.62 
p. cirrifera 1.25 1. 75 0.62 S. benedicti 14.75 25.14 8.89 
E. lourei 3.00 3.30 1.16 E. lourei 1.50 1.51 0.53 
Phoronidea 3.70 4.03 1.27 Phoronidea 1.00 1.69 0.60 Phoronidea 8.00 14.02 4.96 
01igochaeta 43.10 32.46 10.26 Oligochaeta 139.88 105.86 37.43 Oligochaeta 58.50 45.31 16.02 
Nemertea 7.80 13.27 4.20 Nemertea 5.83 2.93 1.19 ~emertea  6.38 3.89 1.38 
Mollusca Mollusca Mollusca 
P. staminea 2.50 2.92 0.92 M. nasuta 6.00 2.62 0.93 M. nasuta 10.88 5.82 2.06 
M. nasuta 4.10 3.51 1.11 p. staminea 1.12 0.99 0.35 
Macoma sp. (juv.) 3.80 4.80 1.52 Macoma sp. (juv.) 1.12 0.83 0.30 
Crustacea Crustacea Crustacea 
Harpacticoid 
L. dubia 
50.40 
9.60 
143.14 
9.73 
45.26 
3.08 
L. dubia 
Cyc1aspis sp. 
5.75 
1.00 
3.06 
1.41 
1.08 
0.50 
L. dubia 
Cyc1aspis sp. 
2.13 
1.88 
1.13 
2.30 
0.40 
0.81 
Cyclaspis sp. 45.90 22.92 7.25 
C. acher/insidiosum9.80 12.71 4.02 
C. acherusicum 13.40 16.12 5.10 Cl'I 
A. angusta 2.30 4.69 1.48 00 
-
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Table b 
VIERRA (VP-l) 
7/20/74 (n= 10) 10/15/74 (n= 8) 12/11/74 (0 =8) 
SPECIES -x ~ s/m SPECIES x ~ s/Yfi SPECIES ~ ~ s/rn 
Po1ychaeta 
C. capita ta 
P. bicana1icu1ata 
2.30 
5.50 
6.01 
3.63 
0.77 
1.15 
Po1ychaeta 
S. beoedicti 
A. biocu1a ta 
C. capita ta 
Capitellid (juv.) 
1.38 
11.50 
65.75 
24.00 
1.60 
6.50 
72.41 
24.22 
0.56 
2.30 
25.60 
8.56 
Po1ychaeta 
C. capitata 
A. biocu1a ta 
N. corn. francis. 
P. bicana1icu1ata 
S. benedicti 
16.50 
232.88 
1.00 
1.63 
1.00 
25.55 
67.35 
1.07 
1.77 
1.07 
9.03 
23.81 
0.38 
0.63 
0.38 
Phoronidea 
01igochaeta 
Nemertea 
26.20 
65.80 
48.83 
76.24 
18.44 
24.11 
Phoronidea 
Oligochaeta 
Nemertea 
6.75 
124.13 
8.12 
44.82 
2.87 
15.85 
Phoronidea 
Oligochaeta 
Nemertea 
18.00 
97.38 
1.50 
26.15 
98.47 
0.76 
9.25 
34.81 
0.2'i 
Mollusca 
M. oasuta 3.70 2.16 0.68 
Mollusca 
M. nasuta 
E. pugettensis 
1.38 
1.13 
1.19 
1.73 
0.42 
0.61 
Mollusca 
M. nasuta 2.50 2.20 0.78 
Crustacea 
A. angusta 
Ha rpacticoid 
6.00 
44.00 
7.02 
109.70 
2.22 
34.70 
Crustacea 
Amphipoda (unident) 10.75 12.09 4.28 
o " 
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Table 2. 
VIERRA (VP-1) continued 
2/24/75 (n =8) 4/27/75 (n= 8) 
-SPECIES x ~ illn... SPECIES ~ ~ s/V"ii 
Polychaeta Po1ychaeta 
C. capita ta 22.63 23.93 8.46 C. capitata 40.38 22.41 7.92 
A. biocu1a ta 13.63 . 12.98 4.59 M. californiensis 2.50 1. 77 0.63 
P. cirrifera 3.25 3.45 1.22 N. tenuis 21.25 10.42 3.68 
S. benedicti 1.62 1.60 0.57 A. biocu1a ta 2.25 1.39 0.49 
P. bicana1icu1ata 2.25 2.87 1.01 S. benedicti 3.63 3.11 1.10 
M. glutaeus 1.13 1.55 0.55 
Phoronidea 2.50 5.18 1.83 Phoronidea 41.88 22.36 7.91 
Oligochaeta 59.12 60.16 21.27 Oligochaeta 19.75 10.59 3.75 
Nemerte~  2.00 3.42 1.21 !iemertea 3.63 2.72 0.96 
Mollusca Mollusca 
M. nasuta 2.62 1.92 0.68 Tel1inidae 2.13 2.17 0.77 
C. ca lifornica J..25 1.49 0.53 M. nasuta 1.50 1.20 0.42 
? Mactra sp. 13.88 11.26 3.98 ? Mactra sp. 1.00 1.07 0.38 
Crustacea Crustacea 
Cyc1aspis sp. 4.50 8.37 2.96 Cyc1aspis sp. 11.88 7.74 2.73 
I-" " 
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Table L.. 
KIRBY PARK 4/27/75 (n=16) 
-1 - 8* 9 - 16 1 - 16 
SPECIES ~ §. s/m SPECIES ~ §. sl n SPECIES §. s/1'fi~ 
Polychaeta Polychaeta Polychaeta 
C. capita ta 7.00 5.95 2.10 C. capita ta 5.50 5.42 1.92 C. capita ta 6.25 5.56 1.39 
C. serratus 0.89 0.83 0.30 C. serra tus 2.38 4.50 1.59 C. serratus 1,63 3.22 0.81 
E. longa ca 1if. 1,38 1.06 0.38 E. longa ca 1if. 0.75 1.16 0.41 E. longa ca lif. 1.06 1.12 0.28 
E. lourei 8.25 5.15 1.82 E. lourei 12.00 8.33 2.95 E. lourei 10.13 6.97 1. 74 
P. ligni 6.50 4.84 1,71 p. ligni 7.88 8.20 2 0 90 P. ligni 7.19 6.54 1.64 
p. paucibranchiata 5.75 4.56 J. 0 61 P. paucibranchiata 4.00 2.56 0.91 P. paucibranchiata 4.88 3.69 0.92 
S. benedicti 12.63 4.24 1.50 S. benedicti 11.25 6.56 2.32 S. benedicti 12.25 4.82 1.21 
Oligochaeta 84.63 57.47 20.32 Oligochaeta 74.50 73.55 26.00 01igochaeta 72.00 64.89 16.22 
Mollusca Mollusca Mollusca 
G. gemma 4.88 3.64 1.29 G. gemma 7.50 3.93 1.39 G. gemma 6.19 3.90 0.98 
Crustacea Crustacea Crustacea 
Corophium sp. 11 .38 5.04 1.78 Corophium sp. 12.13 8.17 2.89 Corophium sp. 11.63 6.66 1.67 
A. angusta 3.75 3.58 1.26 A. angusta 3.38 2.67 0.94 A. angusta 3.56 3.05 0.76 
A. confervicolus 1.00 1.20 0.42 A. confervicolus 1.50 1.60 0.57 A. confervicolus 1.25 1.39 0.35 
Cyclaspis sp. 286.13 66.12 23.38 Cyclaspis sp. 241.38 183.20 64.77 Cyclaspis sp. 246.94 160.65 40.16 
*The first group summarizes species from cores 1 through 8, the second group species from cores 9 through 16, and 
the third group combines cores 1 through 16. 
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Figure 1. 
Skipper's Station 
Cbanaes in Number g.f Species Over the Year 
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core decreases as you move from Skippers up to the Vierra station, 
and presumably would hold true for Kirby Park as well. Diversity also 
decreases in the same direction. Among the major groups, the Mollusca 
show extreme reduction in species number froma mean of around five 
species per core at Skippers to but a single species at Kirby Park. 
Polychaetes are also reduced in number of species. 
IV Subtidal Quantitative Studies in Moss Landing Harbor 
A. Introduction 
The stations H-l, H-2, H-3, and H-4 indicated on Figure 1 represent 
the stations for which we presently have quantitative samples. All of 
these stations lie in the present boat channel, and all are therefore 
dredged regularly in routine maintenance dredging of the harbor. These 
stations serve then as a monitor of recolonization patterns of benthic 
communities and give an indication of the types of changes which might 
be expected. These stations have been sampled and analyzed by personnel 
working on another project, and it is only because of this that we have 
data for these stations. 
The harbor channel was most recently dredged in the summer of 1974 
at about the time of initiation of these studies. However, we do have 
data on certain of these stations extending back to 1971 when the last 
dredging occurred. Before dredging, the bottom at H-3 and H-4 stations 
was poorly sorted sand with a five to ten percent silt fraction. Benthic 
algae, Gracilaria sp. and Enteromorpha sp., covered approximately ten to 
fifteen per cent of the bottom and probably helped to trap and stabilize 
the finer fraction of the sediment. The pre-dredging assemblage was 
characterized by capitellid polychaetes, Notomastus tenuis, Heteromastus 
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fi10branchus t Mediomastus californiensis, several oligochaetes and bi-
valves of the genus Macoma. Capitella capitata was also present at the 
1974 site (H-3). 
B. Field Methods 
Four replicate biological cores were taken from each station ap-
proximately every two months up to December, 1974 and quarterly there-
after (Table 25). Sampling techniques and treatment procedures were the 
same as those presented in the introduction. 
C. Preliminary Results and Discussion 
The results of oUr analyses to date are summarized in Figures 8 
to 14 and Tables 4 to 12. 
The initial stages of recolonization of harbor station H-4 after 
dredging in 1971 were described by Oliver and Slattery (1973). The early 
phase of recovery was characterized first by an increase,and then a de-
cline in the numbers of the opportunistic po1ychaetes t Capitella capitata 
and Armandia biocu1ata. In March there was a large settlement of the 
phoronid worm t Phoronopsis Viridis. Over the next twelve month period, 
there was a marked decline in the number of phoronids. The nudibranch t 
Hermissenda crassicornis, settled or migrated into the disturbed area 
in large numbers during the summer of 1972. All of the indiViduals ob-
served were qUite large for the species. Hermissenda crassicornis preys 
on phoronids and may have caused the large decline in their numbers be-
tween the summer and fall of 1972. Phoronopsis viridis breeds between 
March and May (Rattenburg t 1953) and during the follOWing reproductive 
season there was a second successful recruitment of young phoronids. 
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Thus, the pre-dredging deposit feeding assemblage of polychaetes and 
bivalves was replaced by a tube dwelling suspension feeder, f. viridis. 
Since April, 1973, however, there has been a marked decline in the 
~. viridis population and a gradual return to the pre-dredging assem-
blage (Figure 8). 
The change in the total number of species per core is shown in 
Figure 9. More of the second recovery sequence (i.e. H-3) must be 
observed before it can be compared with the long sequence we have at 
H-4. That comparison may also provide explanations for the changes in 
the shapes of the colonization curves (e.g. interactive vs. non-inter-
active phases of recolonization). 
The samples from H-4 have not been thoroughly analyzed past April, 
1973. Therefore, that portion of Figures 8 and 9 is based on preliminary 
estimates and these are not accompanied by a measure of variation. 
The 1974 dredging at H-3 was followed by an increase in the same 
opportunists, Capitella capitata and Armandia bioculata (Figure 10). In 
1971 ~. capitata settled first and its decline was coincident with an 
increase in the number of !. bioculata (Figure 10). Oliver and Slattery 
(1973) speculated that the decline may have been the result of negative 
interaction with !. bioculata. Surprisingly, Figure 10 shows exactly 
the opposite sequence in 1974. It is well known that conditions can be 
varied in the laboratory which will first favor one and then the other 
species in a competitive interaction (Gause, 1934). But it is unknown 
whether these two species actually compete in nature. An alternative 
explanation involves only the life history characteristics of each species. 
Both species settle and grow fast and young can be produced within a single 
-
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month (personal communication with D. Reish; personal observation). A 
species may settle in large numbers within a short period of time, grow 
to maturity, release young that are transported to some other region and 
subsequently die. Their death could in itself be considered a distur-
bance and might be attractive to another opportunist. Capitella capitata 
is capable both of producing pelagic larvae and of brooding young that 
directly colonize the bottom. Grass1e and Grass1e (1974) have suggested 
that this ability to suppress the dispersal stage can allow an opportunist 
to fully exploit an available habitat. Local population explosions and 
crashes of Capitella capitata and Armandia biocu1ata have also been observed 
in the intertidal sample stations of the Elkhorn Slough, and roughly at 
the same time. However, in these intertidal cases settlement occurred 
into existing communities, not into fresh, unpopUlated sediment. 
Figure 12 shows the changes in the molluscan fauna at H-3 after the 
dredging. The high number of individuals and the large range in December 
corresponded to a very patchy settlement of two small bivalves. This 
same patchy (in both time and space) bivalve settlement followed by high 
mortality was observed after the 1971 disturbance and is also common in 
the offshore areas. 
The Po1ychaeta and other worm taxa have not been completely pro-
cessed in the samples taken after November, 1974, but the material has 
been examined to document trends. 
In December, 1974, the number of Armandia biocu1ata increased and 
the number of Capitella capitata declined. The relatively few f. capitata 
were all large individuals. By April, 1975, the abundance of both oppor-
tunists was low as it was also at the intertidal stations, and there was 
no indication of any settlement of Phoronopsis viridis. The breeding 
Table ~.  
Station H-l 
2 July 1974 
-
n N N/m 
2 
X/CORE S 2 s 95%C.L. s IX 2 XIs 
X 
Po1ychaeta 4 93 1313.5 23.2 20.9 2.2 + 7.2 .9 5.0 
s. benedicti 4 59 833.3 14.7 27.5 2.6 + 8.3 1.8 2.8 
G. brevipa1pa 4 9 127.1 2.2 4.9 1.1 + 3.5 2.1 1.0 
Oligochaeta 4 848 11977.4 212.0 1746.0 20.8 + 66.4 8.2 5.0 
2 
species n X/CORE S s_ 95%C.L. 
X 
Po1ychaeta 4 5.7 .9 .4 + 1.5 
co 
N 
( ( ( 
( ( ( 
Table~. (continued) 
Station H-l 2 2 2_ 
n ,N 1/. ilCORB S s_ 95%C.L. s /X xis 
2 July 1974 X 
Crustacea 4 1 14.1 .2 .2 .2 ± .7 1.0 .5 
Mollusca 4 6 84.7 1.5 3.0 .8 2.7 2.0 .8± 
w 
00 
Ta bie 2.. 
Station H-1 
15 November 1974 
n N 
2 
N/m X/CORE 
2 
S s_ 95%C.L. 
2 
S /X -xIs 
X 
Polychaeta 4 1709 24138.4 427.2 11476.9 53.5 ± 170.4 26.8 3.9 
A. bioculata 4 1080 15254.2 270.0 3736.0 30~5  ± 97.2 13.8 4.4 
C. capitata 4 408 5762.7 102.0 1672.6 20.4 ± 65.0 16.3 2.4 
s. benedict! 4 139 1963.2 34.7 121.5 5.5 + 17.5 3.4 3.1 
D. articulata 3 25 470.8 8.3 30.3 3.1 + . 9.5 3.6 1.5 
P. cirrifera 4 23 324.8 5.7 24.2 2.4 + 7.8 , 4.2. 1.1 
Polydora ap. 4 8 112.9 2.0 2.0 .7 + 2.2 1.0 1.4 
Ol1gochaeta 4 96 1355.9 24.0 70.6 4.2 + 13.3 2.9 2.8 
( f ( 
Station H-l 
25 Sep 1974 
n N 
2 
N/m 
Table 5.
---
X/CORE 
<continued) 
2 
s 
-' 
S 
X 
95%C.L. 
2 
S /X XIs 
Po1ychaeta 
A. biocu1ata 
4 
4 
53 
18 
748.5 
254.2 
13.2 
4.5 
25.5 
1.6 
.,2.5 
.6 
+ 
+ 
8.0 
2.0 
1.9 
.3 
2.6 
3.4 
C. capitata 4 22 310.7 5.5 13.6 1.8 + .5.8 2.4 1.4 
01igochaeta . 4 5 70.6 1.2 3.5 .9 r+- 3.0 2.8 .6 
species 
Polychaeta 
n 
4 
X/CORE 
. 4.2 
2 
S 
4.2 
s_ 
X 
1.0 
95%C.L. 
+ 3.2 
CD 
VI 
/ '-, ~-,  
-
Table &,. 
Station 
12 Aug. 
H-2 
1974 
n N 
2 
N/m xlCORE 2 s S_ 
X 
957.C.L. 
" 
2 
S Ix XIs 
Po1ychaeta 3 
H. fi10branchus 3 
M. californiensis 3 
A. biocu1ata 3 
Coesura sp. 3 
S. benedicti 3 
270 
135 
88 
17 
11 
10 
5084.7 
2542.3 
1657.2 
320.1 
207.1 
188.3 
90.0 
45.0 
29.3 
5.( 
3.6 
3.3, 
2479.0 
661.0 
170.3 
22~3  
,30.3 
10.3 
28.7 
14.8 
7.5 
2.7 
3.1 
1.8 
+ 
+ 
+ 
+ 
+ 
+
-
86.2 
44.5 
22.6 
8.1 
9.5 
5.5 
27.5 
14.6 
5.8 
3.9 
8.2 
3.1 
1.8 
1.i 
2.2 
1.1 
.6 
1.0 
species 
Po1ychaeta 
n 
3 
.X/core 
7.3 
S2 
1.3 
S 
X 
.6 
95% C. 
+
-
2.8 
L. 
(Xl 
0\ 
( ( ( 
( ( ( 
Table 1. 
Station H-2 
2 2 2 
n N N/m X/CORE S s 95%C.L. S Ix xIs 
27 Sept. 1974 X 
Po1ychaeta 4 1228 17344.6 307.0 46906.0 108.2 + 344.5 152.7 1.4 
C. capitata 4 607 8573.4 151.7. 4388.9 33.1, + 105.4 28.9 2.2
-
A. biocu1ata 4 480 6779.6 120.0 19182.0 69'.2 + 220.3 159.8 .8
-
H. fi10branchus 4 71 1002.8 17.7 40.9 3.1 + 10.1 2.3 2.7 
M. californiensis 4 43 607.3 10.7 25.5 2.5 + 8.0, 2.3 2.1
-
Cossura sp. 4 10 141.2 2.5 8.3 1.4 + 4.5 3.3 .8 
01igochaeta ,4 8 112.9 2.0 4.6 1.0 + 3.4 2.3 .9
-
2 
species n X/CORE S s_ 95%C.L. 
X 
Polychaeta 4 7.7 2.2 .7" + 2.3 (Xl 
..... -
18 bie ~.  
Station H-2 2 2 
n N N/rn X/CORE S s_ 
14 Nov. 1974 X 
Po1ychaeta 2 702 19830.5 351.0 4608.0 48.0 
C. capitata 2 405 11440.6 202.5 1012.5 22.5 
A. biocu1ata 2 212 5988.7 106.0 7688.0 62.0 
H. fi10branchns 2 59 .1666.6 29.5 12.5 2.5 
N. cornuta 2 14 395.4 7.0 50.0 5.0 
G. brevipa1pa 2 4 112.9 2.0 2.0 1.0 
Oligochaeta 2 )..2 338.9 6.0 18.0 3.0 
species n X/CORE 
2 
S S_ 
X 
957.C.L. (Xl (Xl 
( 
Po1ychaeta 2 8.0 .0 
( 
.0 + .0 
( 
------_. ---_..__.-._-_•.. - . -
( ( ( 
Ta_ble ,2. 
Station H-3 
n N 
2 
N/m X/CORE 
2 
S s_ 95%C.L. 
2 
slY K/S 
12 Aug. 1974' X 
Po1ychaeta 4 351 4957.6 87.7 2650.250 25.7 + 81.9 30.2 1.7 
C. capitata 4 132 1864.4 33.0 544.667 11.6 + 37.1 16.5 1.4 
A. biocu1ata 4. 66 932.2 16.5 629.667 12.5 + 39.9 38.1 .6 
N. tenuis 4 44 621.4 11.0 122.000 5.5 +
-
17.5 11.0 .9 
M. californiensis 4 35 494.3 8.7 36.250 3.0 +
-
9.5 4.1 1.4 
P. cirrifera 4 12 169.4 3.0 28.667 2.6 + 8.5 9.5 .5 
P. pygmaeus 4 11 155.3 2.7 4.917 1.1 + 3.5 1.7 1.2 
P. bicanalicu1ata 4 12 169.4 3.0 28.667 2.6 +
-
8.5 9.5 .5 
011aochaeta 4 489 6906.7 122.2 6274.2 39.6 ± 12'.0 51.3 1.5 
2 ex> 
species n X/CORE S S_ 95%C.L. \0 
X 
Table 10. 
Station H-3 n N 
2 
N/m X/CORE 
2 
S S 95i.C.L. 
2 
S /X Xis 
2 5 Sept. 1974 X 
, .- ~  ... 
Po1ychaeta 4 1610, 22740.1 402.5 9363.0 48.3 + 153.9 23.2 4.1 
A•.. btocu1ata 4 127& 18022.5 319.0 5304.0 . 36.4 ±'115.8 16.6 4.3 
C. capitata 4 251 3545.1 62.7 693.5 13.1' + 41.9 11.0 2.3 
P. tricana1icu1ata 4 28 395.4 7.0 75.3 4.3 + 13.8 10.7 .8 
Phy11odocidae 4 19 268.3 4.7 1.5 .6 + 2.0 .3 3.7 
P. pygmaeus 4 8 112.9 2.0 2.6! .8 + 2.5 1.3 1.2 
01igochaeta 4 18 254.2 4.5 9.6 1.5 + 4.9 2.1 1.4 
2 
species n X/CORE S S 95%C.L. 
X 
Po1ychaeta 4 9.2 1.5 .6 + 2.0 
\0 
a 
( ( C 
( ( ( 
Ta bie .!.!.. 
2 2 2Station H-3 
n N N/m X/CORE S s 95%C.L. S ix xIs 
13 Nov. 1974 X 
Po1ychaeta 4 1768 24971.7 442.0 13627.3 58.3 + 185.7 30.8 3.7 
C. capitata 4 1546 21836.1 386.5 6575.0 40.5 + 129.0 17.0 4.7 
A. biocu1ata 4 148 2090.3 37.0 1974.0 22.2 + ,70.6 53.3 .8 
P. bicanalicu1ata 4 31 437.8 7.7 121.5 5.5 + 17.5 15.6 .7 
N. cornuta 4 9 127~1 2.2 10.2 1.6 + 5.0 4.5 .7
-
011gochaeta 4 23 324.8 5.7 48.2 3.4 + 11.0 8.3 .8 
2 
species n X/CORE S s_ 957.C.L. 
X 
\0 
Polychaeta 4 9.0 6.6 1.2 
-
+ 4.1 I-' 
Table g. 
..., 
Station H-4 
2 July 1974 
n N 
2 
N/m XICORE 
2 
S s_ 
X 
95%C.L. 
2 
S IX XIs 
crustacea ." 
Mollusca 
M. arenar1a 
M. nasuta 
P. staminea 
C. nub11a 
4 
4 
4 
4 
4 
4 
12 
76 
34 
24 
9 
7 
169.4 
1073.4 
480.2 
338.9 
127.1 
98.8 
3.0 
19.0 
8.5 
6.0 
2.2 
1.7 
8.6 
50.6 
32.3 
.6 
1.5 
2.2 
1.4 
3.5 
2.8 
.4 
.6 
.7 
+
-
+ 
+ 
+ 
+ 
+
-
4.6 
11.3 
9.0 
1.2 
2.0' 
2.3 
2.8 
2.6 
3.8 
.1 
.7 
1.2 
1.0 
2.6 
1.4 
7.3 
1.7 
1.1 
\.0 
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period of !. viridis can extend into the summer~ therefore~ it is still 
possible that the later portion of the 1971 recovery sequence will be 
repeated. 
In summary~ only the early phases of recolonization can be compared 
in detail at this time. The same opportunistic species settled as domi-
nated the intertidal stations. 
V. Qualitative Surveys of the Benthic Fauna in Elkhorn Slough 
A series of S.C.U.B.A. ~ive$ in Elkhorn Slough was conducted between 
. ?' 
15 May and 10 June~ 197Y~ The purpose of these dives was to make qualita-
tive observations and collections in areas not accessible at low tides and 
unsampled by OUr subtidal quantit~~ive stations in the harbor. Nine dives 
were made at the five stations shown in Figure 2, and this discussion will 
describe each of these stations. All dives were made at moderately high 
t~des (+3.5 to +5.0 feet). (Divers were Mark Silberstein~ Terry Eckhardt~ 
and Doug Vaughn). Figure 15 illustrates the location of the dive stations. 
Station 1 - Highway One Bridge. The bridge pilings here were covered 
from high water line to bottom with Metridium senile~ especially on the 
east side. Anthopleura was also present and Mytilus. The bottom (five 
meters) was composed of muddy-sand~ shells~ rocks~ and old bridge pilings. 
Hundreds of small orange anemones (Metridium?) were attached to shells. 
Very large Tresus nuttalli siphons were fairly abundant~ as were burrows 
of Urechis caupo with fecal pellets at the entrances. Several Cancer 
antennarius were seen~ and schools of perch swam among the pilings. The 
anemones and siphons seen here were generally larger than their counter-
parts at the other stations. 
101 
Station 2 - PG&E Outfall. A total of four dives were made at this 
station in an attempt to assess the effects of the outfall on the area. 
The first dive was in mid-channel just beyond the outfall. The sandy 
mUd-bottom was densely populated with large clam siphons. The siphons 
of Zirfaea pilsbrYi were most numerous, with large Tresus siphons also 
present. Urechis burrows were present, and sabel lid and terebellid poly-
chaetes were observed but not collected. A few Polinices and one Aglaia 
inermis (= Navanax inermis) were seen. Four cores identical to the ones 
used in the intertidal mud flat sampling were taken at this station and 
yielded infauna similar to the intertidal stations, but a few new species 
of polychaetes were also taken (see species list). The mid-channel on 
the bridge side of the outfall was very similar to this area, and these 
might be considered a baseline for comparison to the immediate outfall 
area. 
A dive was made from the bank directly opposite the outfall to as 
near to the outfall as was possible. The bottom at the beginning of the 
dive was very similar to the Zirfaea beds described above. The depth was 
about two meters. Near mid-channel a sparse algal covering of Ulva and 
Gracilaria was present. At mid-channel this gave way to Zostera beds 
which seemed rather extensive and contained Aplysia californica and egg 
masses in abundance. Aside from the perch, these were the most obvious 
large organisms associated with the beds. Ne~rer to the outfall algae 
again became dominant on the bottom, with plants appearing much larger 
and more abundant than the algal bed opposite the outfall. Some Tresus 
nuttalli siphons were found here and fairly large Anthopleura xantho-
grammica attached to the larger shells on the bottom. From here to the 
mouth of the outfall the current from the outfall caused progressively 
increasing scouring so that the depth increased and sediment gave way 
to only shells. On some of these a small bright anemone was the only 
sign of life. In conclusion, the outfall seemed to increase diversity 
and abundance except where the strength of the current scoured the sedi-
ment away, but the overall areal extent of the outfall's influence 
appeared limited to about 150 meters square. 
I 
Station 3 - Zirfaea Beds. The bottom here was softer than the other 
stations and was composed of silty-clay mixed with small shells and frag-
ments. The bivalve, Zirfaea pilsbryi was very abundant here. Other 
siphons and burrows were not very evident. The fleshy white, Zirfaea 
siphons extended well above the sediment and did not retract rapidly 
upon touching. They seemed to have great potential as a food source 
for the bottom feeding fish. The tube dwelling anemone Pachycerianthus 
fimbriatus was also here, as were species of both terebellid and sabel lid 
polychaetes. Large Polinices leaving wide mucous trails were encountered. 
Silberstein collected Doriopsilla albopunctata and Acanthodoris lutea, 
and several Aglaia inermis were seen. A small cancer crab was found under 
a shell, and a chiton of the genus Mopalia was seen. 
Station 4 - Oyster Beds. The channel was not as well defined at 
this station, with a gradual taper to a maximum depth of about three 
meters. The bottom was littered with a mixture of shells of Mytilus and 
oysters. Conspicuously present were the large empty shells of the 
Japanese oyster <Crassostrea gigas). A rich epifauna was associated with 
these shell beds, including encrusting bryozoans, anemone, and colonial 
tunicates. A bright pink sponge was also grOWing on the shells. The 
nudibranch Aeolidia papillosa was present in abundance, and Anisodoris 
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nobi lis and Dia lula sandiegensis in less'er numbers. These beds seemed 
rather extensive in area. 
Station 5 - Near Kirby Park. Here was a soft mud bottom with some 
harder debris such as ce~ent blocks and rocks scattered about. About 
ten feet in depth, this s'ca'tilon llad a few l'8;rge clams and was characteri'zed 
by sponges, burrowi'rtg aneIIibn'e's, and nudibtattcbs. Visibility lim.ited ob-
servations here, but it seemed sim'ilar to station four except no oysters 
or mussels were seen in the immediate area. 
VI. Subtidal Offshore Stations 
A. Introduction 
Three stations were established offshore in the area of the tanker 
anchorage. These stations were designated N-2, N-3, and N-4 and were set up 
in nine, eighteen, and twenty-four meters of water respectively. The 
locations of the stations are indica'ted on Figure 1. 
These stations were sampled in the s81Jle manner as the harbor subtidal 
station, and the methods are outlined in the methods section of this re-
port. 
It should be noted that the taking and complete processing of samples 
from these stations was done by personnel presently working on another 
grant. The resources of the present funding from PG&E would not have 
a Howed us to process these samples in the time availa ble. 
Sampling was begun at these stations in mid-August and continues to 
the present. Initially sampling was monthly (August and September), then 
bimonthly (November and January), and now is quarterly. 
We have presently finished processing the samples only through 
January of 1975. 
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B. Results and Discussion 
The results of our analyses to date are summarized in Figures 15 to 
-
22 and Tables 13 to 26. 
From these data several trends can be observed which are worth men-
tioning at this point. 
These offshore stations show little, if any, significant changes in 
diversity, abundance or number of species over the time period from 
August to January. There are definite fluctuations in mean number of 
species per core over the time period covered, and in the case of N-4 
there is a statistically significant decrease (P< .01, t-test) in the 
total number of species/core from August to January. This trend, however, 
is not seen in N-3 or N-2 (Figures 15 and 16). 
The number of individuals/core also shows considerable fluctuations 
from August to January (Figures 17, 18 and 19). In all cases this is 
a downward trend such that there are fewer individuals per core in the -
winter. This change is not significant at N-4 (P> .05, t-test) but is 
significant at N-2 and N-3 (P< .01, t-test). 
Despite the significant changes in numbers at two stations and species 
at another there is little change in diversity at all three stations over 
the same time period (Figure 5). In the case of N-2 and N-3 the diversity 
changes are not significant (P>.05, t-test) but the change is significant 
at N-4 (P< .05, t-test). 
In general, the number of species/core increases with depth (i.e. 
from N-2 to N-4) and this probably reflects the greater stability of con-
ditions at greater depths. The only group which does not follow this 
trend is the Crustacea (Figures 15 and 16). 
( ( ( 
Ta b1e 13. 
The Most Abundant Species from Each Station Along the PG&E Offshore Transect 
N - 2 (9 meters) N~14  N - 3 (18 meters) n-27 N - 4 (24 meters> n-22 
x/core x/core x/core 
1. Eohaustorius sawyeri '26.714 .: 13.921 1. Paraphoxus daboius 44.666,: 7.465 1, Paraphoxus daboius 25.909::, 8.312 
2. Eohaustorius estuarius 8.929': 3.240 2. -Eohaustorius sencillus 34.222::' 8.409 2. Euphilomedes carcharodonta 25.090 ± 9.988 
3. Eohaustorius sencillus 6.929': 3.070 3. Euphilomedes carcharodonta 32.185 : 11.651 3. Eohaustorius sencillus 21, 727 ::. 12.931 
4. Paraonides pia tybranchia 3.714,: 2.704 4. Hediomastus californiensis 18.777': 4.711 4. Euphilomedes oblonga 17.818: 5.029 
5. Euphilomedes longiseta 3.429,: 2.158 5. Euphilomedea·ob1onga 9.481: 2.573 5. Hediomastus californiensis 13.727::, 4.489 
6. Pinnixa franc iscana 3.286.: 2.465 6. Listrie11a diffusa 6.630! 1.463 6. Listrie11a diffusa 5.363::' 2.113 
7. Scoloplos Armiger 2.857 .: .903 7. Armandia bioculata 6.111: 8.248 7. Tellina modesta 3.909 + 2.382 
8. Dis pio uncina ta 2.143: .873 8. Paraphoxu& epiatomus 5.185: 1.555 8. Armandia biocula ta 3.772': 2.827 
9. Hysella aleutica 1.714: .890 9. Te11ina modeste 3.926: 1.920 9. Amaeana occidentalis 3.727 + 1.974 
10. Paraphoxus obtusidens 1, 643': 1.370 10. Prionospio cirrifera 3.519': 2.486 10. Magelona sacculata 2.863::. 1.154 
II. Thalenessa spinosa I .500': .631 II. Amaeana occidentalis 3.296: .760 11. Paraphoxus epistomus 2.772 + 1.086 
12. Prionospio pygmaeus 1.429': 1.315 12. Exogone lourei 2.370: 1.044 12. Hemilamprops californica 2.545 + 1.439 
13. Hagelona sacculata 1.286.: .972 13. Pinnixa franciscana 2.185: 1,434 13. Synchelidium 2.454 + 1,516 
14. Nepthys caecoides 1.214::. .687 14. Hysella aleutica 2.037! .896 14. Nothria elegans 2.363 + .805 
15. Euphilomedes carcharodonta 1.143 =- .812 15. Prionospio pygmaeus 2.000: .946 15. Thalenessa spinosa 2.136 + .813 
16. Pat:aphoxus epistomus .929: .577 16. Hemilamprops californica 1, 888: .935 16. Exogone lourei 1.737 + .686 
17. Siliqua spp. .857 + .445 17. Nothria elegans 1.852 + .558 17. Hysella aleutica 1, 682 + 1. 344 
.... 
o 
VI 
Ta ble 14. 
~tation  N-2 PG&E 2 2 2 
29 August !974 n N N/m X/CORE S S 95i.C.L. S IX 1./5 
X 
Po1ychaeta 4 59 833.3 14.7 10.9 1.6 + 5.2 .7 4.4 
Crustacea 4 321 4533.8 80.2 1714.2 20.7 + 65.8 21.3 1.9 
Mollusca 4 13 183.6 3.2 .9 .4 + 1.5 .2 3.3 
Total PCM 4 393 5550.8 98.2 1700.9 20.6 + 65.6 17.3 2.3 
N. caecoides 4 10 141.2 2.5 1.6 .6 + 2.0 .6 1.9 
D. uncinata 4 9 127.1 2.2 .9 .4 + 1.5 .4 2.3 
S. armiger 4 9 127.1 2.2 1.5 .6 + 2.0 .7 1.7 
E. sawyeri 4 154 2175.1 38.5: 1547.6 19.6 + 62.5 40.1 .9 
E. senci11us 4 29 409.6 7.2 30.2 2.7 + 8.7 4.1 1.3 
Po franciscana 4 15 211.8 3.7 26.9 2.5 + 8.2 7.1 .7 
Eo es tuarius 4 31 437.8 7.7 30.9 2.7 + 8.8 3.9 1.3 
M. spinipes 4 14 197.7 3.5, 1.6 .6 + 2.0 .4 2.7 
P. obtusidens . 4 79 1115.8 19.7 847.5 14.5 + 46.3 42.9 .6 
D. tenuis 4 27 381.3 6.7 12.2 1.7 + 5.5 1.8 1.9 
Meso1amprops sp~4 10 141.2 2.5 1.6 .6 + 2.0 .6 1.9 
E. longiseta 4 9 127.1 2.2 10.2 1.6 + 5.0 4.5 .7 
Siliqua ap. 4 6 84.7 1.5 .3· .2 + .9 .2 2.5 ..... 
0 
(j\ 
( ( ( 
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Ta hIe 14. (continued) 
Station N-2 
29 & 30 Aug. 
PG&E 
and 1 Sept. 1974 
species 
Polychaeta 
Crustacea 
Mollusca 
Total 
Diversity 
J 
H t 
n 
4 
4. 
4 
4 
4 
4 
X/CORE 
8.2 
11.5 
2.5 
22.2 
.7 
2.3 
2 
S 
1.5 
1.6 
.3 
.9 
.0 
.2 
S_ 
X 
.6 
.6 
.2 
.4 
.0 
.2 
'95i.C.L. 
+ 2.0 
+ 2.0 
+ .9 
+ 1.5 
+ .2 
+ .7 
.~.. 
Station N-2. PG&E 
14, 18, & 20 Nov. 
1974 
n N 
2 
N/m 
Ta ble li. 
X/CORE 
2 
S s_ 
X 
95%C.L. 
2 
S Ix Xis 
P olychaeta 5 131 1480.2 26.2 108.7 4.6 + 12.9 4.1 2.5 
Blrustacea 5 349 3943.5 69.8 208.7 6.4 +
-
17.9 2.9 4.8 
Mollusca 5 37 418.0 7.4 38.8 2.7 + 7.7 5.2 1.1 
Total PCM 5 517 5841.8 103.4 609.3 11.0 + 30.6 5.8 4.1 
P. p1atybranchia 5 36 406.7 7.2 41.2 2.8 + 7.9 5.7 1.1 
S. armiger 5 17 192.0 3.4 2.3 .6 + 1.8 .6 2.2 
D. uncinata 5 13 146.8 2.6 3.8 .8 + 2.4 1.4 1.3 
C. setosa 5 10 112.9 2.0 1.0 .4 + 1.2 .5 2.0 
M. saccu1ata 5 10 112.9 2.0 2.5 .7 + 1.9 1.2 1.2 
E. sawyeri 5 132 1491.5 26.4 49.3 3.1 + 8.7 1.8 3.7 
E. estuarius 5 71 802.2 14.2· 16.7 1.8 + 5.0 1.1 3.4 
E. 10ngiseta 5 34 384.1 6.8 13.7 1.6 + 4.5 2.0 1.8 
E. senci11us 5 49 553 .. 6 9.8 17.2 1.8 + 5.1 1.7 2.3 
E. carcharodonta 5 11 124.2 2.2 2.2 .6 + 1.. 8 1.0 1.4 
P. franciscana 5 11 124.2 2.. 2 2.2 .6 + 1.8 1.0 1.4 
P. daboius 
M. a1eut"i..ca 
<-T ESus-1ike 
5 
5 
5 
16 
14 
10 
180 .. 7 
158.1 
112.9 
3.2 
2.8 
2.0 
( 
5.7 
3.7 
20.0 
1.0 
.8 
2..0 
+ 
+ 
+
-
2.9 
2.3 
5.5 
1.. 7 
1.3 
10 .. 0 ( 
1.3 
1.. 4 
.4 
" 
..... 
0 
00 
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Table li. (continued) 
Station N-2 PG&E 
14 Nov. 1974 
-
2 
species n X/CORE S S_ 95%C.L. 
X 
Polychaeta 5- 10.8 7.7 1.2 + 3.4 
Crustacea 5 9.8' 2.7 .7 + 2.0 
Mollusca 5 2.6 .3 .2· + .6 
Total 5 23.2 10.7 1.4 + 4.0 
Diversity H' 
J 
5 
5 
2.5 
.8 
.0 
.0 
.0 
.0 
+ 
+ 
.1 
.0 
Table li. 
2 2 2Station N-2' PG&E n N N/m X/CORE S s_ 95%C.L. S /X XIs 
11 Jan. 1975 X 
Polychaeta 3 47 885.1 15.6 20.3 2.6 + 7.8 1.2 3.4' 
Crustacea 3 50 941.6 16.6 2.3 .8 + 2.6, .1 10.9 
Mollusca 3 28 527.3 9.3 14.3 2.1 +
-
6.5 1.5 2.41 
Tetal PCM 3 125 2354.0 41.6 14.3 2.] + ' 6.5 .3 11.0 
P. p1atybranchia 3 12 225.9 4.0, 1.0 .5 + 1.7 .2 4.0 
D. uncinata 3 7 131.8 2.3 2.3' .8 + 2.6 1.0 1.5, 
C. setosa 3 7 131.8 2.3 4.3 1.2 + 3.6 1.8 1.1 
E. eatuarius 3 . 15 282.4 5.0 4.0 1.1 + 3.4 .8 2.5 
E. sawyeri 3 13 244.8 4.3 .3 .3 + 1.0 .0 7.S 
P. franciscana 3 7 131.8 2.3 16.3 2.3 + 7.0 7.0 .s 
o• pycna 3 20 376.6 6.6 10.3 1.8 + 5.5 1.5 2.0 
I-'  
I-'  
o ( ( ( 
( (Table 1(. 
2 2 2 
Station N-3 PG&E n N N/m X/CORE S s_ 95%C.L. S {X XIs 
16 Aug. 1974 X 
Po1ychaeta 8 403 2846.0 SO.3 345.1 6.5 + 15.5 6.8 2.7 
Crustacea 8 1404 9915.2 175.5 703.4 9.3 + 22.1 4.0 6.6 
Mollusca 8 120 847.4. 15.0 24.2 1.7, + 4.1 1.6 3.0
-
Total PCM 8 1926 13601.6 240.7. 1544.7 13.8 + 32.8 6.4 6.1
-
K. californiensis 8 213 1504.2 26.6 140.5 4.1 + 9.9 5.2 2.2,
-
A. occidenta1is 8 27 190.6 3.3 .5 .2, + .6 .1 4.5 
N. elegans 8 17 120.0 2.1 .9 .3 + .8 .4 2.1 
K. saccu1ata 8 21 148.3 2.6 4.5 .7 + 1.7 1.7 1.2 
T. spinosa 8 18 127.1 2.2 2.7 .5 + 1.3 1.2 1.3 
P. cirrifera 8 30 211.8 3.7 43.0 2.3 + 5.4 11.4 .5
-
E. carcharodonta 8 421 2973.1- 52.6 225.9 5.3 + 12.5 4.2 3.5
-
P. daboius 8 388 2740.1 48.5 160.5 4.4 + 10.5 3.3 3.8 
E. senc111us 8 333 2351.6 41.6 501.6 7.9 + 18.7 12.0 1.8 
, 
-
L. diffusa 8 67 473.1 8.3 10.5 '1.1 + 2.7 1.2 2.5 
E. ob1onga 8 51 360.1 6.3 13.6 1.3 + 3.0 2.1 1.7
-
R. cal1fornica 8 32 225.9 4.0 5.4 .8: + 1.9 1.3 1.7
-
P. episto1DU8 8 51 360.1 6.3 31.6 1.9' + 4.7 4.9 1.1 
·P. franciscana 8 18 127.1: 2.2 27.0 1.8 + 4.3, 12.0 .4 t-'  
t-' 
t-' 
-
T. Il1Odes ta 8 48 338.9 6.0 7.4 .9 + 2.2 1.2 2.2 
Solen spp. 8 17 120.0, 2.1 .4 .2 + .5. .1 3.3 
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Table 17. (continued) 
Station N-3 PG&E 
16 Aug. 1974 
2 
species n X/CORE S S_ 
X 
95%C.L. 
Polychaeta 8 11.5 3.4 .6 + 1.5 
Crustacea 8" 10.5 1.4 .. 4 + 1.0 
Mollusca 8 "6.0 3.4 06 + 1.5 
Total 8 28.0 14.8" 1.3 + 3.2 ~ 
( ( ( 
Table 18. 
Station N-3 
30 Aug. 1974-
PG&E' n N 
2 
N/m X/CORE 
2 
S s_ 
X 
95%C.L. 
2 
S /X xIs 
Po1ychaeta 4 169 2387.0 42.2 169.5 6.5 + 20.7 4.0 3.2 
Crustacea 4 903 12754.2 225.7 1739.5 20.8 + 66.3 7.7 5.4 
Mollusca 4 77 1087.5 19.2 54.9 3.7 + 11.7 2.8 2.5 
Total PCM 4 1150 16242.9 287.5 3343.0 28.9' + 91.9 11.6 4.9 
,M. californiensis 4 82 1158.1 20.5 129.6 '5.6 +
-
18.1, 6.3 1.8 
P. cirrifera 4 19 268.3 4.7 3.5 .9 + 3.0 .7 2.5 
A. occidentalis 4 18 254.2 4.5 1.0 ' .5 + 1.5 .2 4.5 
N. e1egans 4 9 127.1 2.2 1.5 .6 + 2.0 .7 1.7 
T ~ spinosa 4 9 127.1 2.2 4.2 1.0 + 3.2 1.8 1.0 
E. carcharodonta 4 301 4251.4 75.2 449.5 10.6 + 33.7 5.9 3.5, 
E. senci11us 4 227 3206.2 56.7 597.5 12.2 +
-
38;8 10.5 2.3, 
P~' daboius 1 4 227 3206.2 56.7 336.9 9.1 + 29.2 5.9 3.0' 
, E. ob1onga 4 48 677.9 12.0, 18.6 2.1 + 6.8' .1.5 2.7 
P. epistolDus 4 30 423.7 7.5 7.0 1.3 +
-
4.2 .9 2.8 
L. d1ffusa 4 32 451.9 8.0 22.0' 2.3 + 7.4 2.7 1.7 
H. ca11fornica 4 15 211.8 3.7 2.9 .8 + 2.7 .7 2.1 
~  
~  
P. 1ucubrans 4 8 112.9 2.0 4.6 1.0 + 3.4 2.3 .9 w 
'!' ~ !nadeata 4 40 564.9 10.0 34.6 2.9 + 9.3 3.4 1.6 
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Table~. (continued) 
Station N-3 
30 Aug. 1974 
PG&E 
:>:-:;'.' 
species n X/CORE 
2 
S S 
X 
957.C.L. 
Polychaeta 4 11.7 .2 .2 + .7 
Crustacea 4 10.2 ~9 .4 + 1.5 
Mollusca 4 6.7 4.9 1.1 + 3.5 
Total 4 28.7 4 .. 9 1.1 + 3.5 
( ( ( 
Table 19. 
Station N-3 PG&E 
2 2 2 
n N N/m X/CORE S s_ 95%C.L. S /X XIs 
3 Nov. 1974 X 
Po1ychaeta 5 178 2011.2 35.6 102.3 4.5 + 12.5 2.8. 3.5 
Crustacea 5 555 6271.1 111.0 150.5 5.4 + 15.2 1.3 9.0
-
Mollusca 5 19 214.6 3.8 3.7' .8 + 2.3 .9 1.9 
Total PQt 5 752 8497.1' 150.4 170.8 5.8 + 16.2 1.1 11.5
-
M. californiensis 5 93 1050.8 18.6 123.8 4.9 + 13.8 6.6 1.6 
E. lourei '5 23 259.8 4.6 6.8 1.1 + 3.2 1.4 1.7 
A. occidenta1is 5 15 169.4 3.0 .5 .3, + .8 .1 4..2
-
P. daboius 5 263 2971.7, 52.6 104.8 4.5 
-
+ 12.7 1.9 5.1 
E. senci11us 5 140 1581.9 28.0 83.5 4.0 11.3 2.9 3.0
'. -
+ 
E. ob1onga 5 45 508.4 9.0, 7.0' 1.1 + 3.2 .7 3.4 
E~'  carcharodonta 5 42 474.5 8.4' 32.3' 2.5 + 7.0 3.8, 1.4
-
L. diffusa 5 28 316.3 5.6 1.3' .5 + 1.4 .2 4~9  
P. epistomus 5 21 237.2' 4.2 5.7' 1.0, + 2.9 1.3 1.7'
-
p. franciscana 5 11 124.2 2.2 9.2 1.3 + 3.7 4.1 .7 
.... 
.... 
VI 
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Station N-J PG&E 
3 Novo 1974 
2 
species n s s 
X 
2 
species n x/c(j~m s s 957.CoL.. 
X 
Polychaeta 5 900 0 7 .3 + 1 0 0 
Crustacea 5 7",2 07 .,3 + 1 .. 0 
Mollusca 5 2.,6 1.,3 .5 + 1.4 
Total 5 19 0 6 2 e 8 07 + 2,,0 
-
( ( ( 
Table 20. 
Station N-3 PG&E 2 2 2n N N/ru X/CORE S S 95%C.L. S ix XIs16 Jan. 1975 -X 
Po1ychaeta 3 146 ?749~5 48.6 134.3 6.6 + 20.0' 2.7
-
4.1 
Crustacea 3 294 5536.7 98.0 931.0 17.6 + 52.8 9.5
-
3.2 
Mollusca 3 26 489.6 8.6 17.3 2.4 + 7.2 2.0' 2.0 
Total PCM 3 466 8775.8 155.3 537.3 13.3 + 40.1 3.4
-
6.7 
M. californiensis 3 47 885.1 15.6 92.3 5.5 
.:.!:, 16.6 5.8 1.6 
A. occidentalis 3 44 828.6 14.6 16.3 2.3 + 7.0, 1.1 3.6 
p. pygruaeus 3 18 338.9, 6.0 3.0 1.01 + 3.0 
.5 -3.4 
T. spinosa 3 8 150.6 2.6 4.3 1.2 + 3.6
-
1.6 1.2 
E. lourei 3 7 131.8 2.3 
.3 
.3 + 1.0' .1 4.0
-
P. daboius 3 144 2711.8 48.0' 588.0 14.0' + 42.0 12.2
-
1.9 
E. senci11us 3 59 1111.1, 19.6 
.3 .3 + 1.0 
.0 34.0 
E. ob1onga ] -d4 640.3 11.3 22.3 2.7 ± 8.1 1. ~, 2.3 
L. diffusa 3 21 395.4, 7.0 4.0 1.1 + 3.4 .5 3.5 
P. franciscana 3 11 207.1 3.6 30.3 3.1 + 9.5 8.2 .6
-
P. epistOlDus 3 6 112.9 2.0 .0 .0 + .0 .0 .0, 
p. 1ucubrans 3 6 112.9 2.0 .0 .0 + .0 .0 .0 ....
- .... 
.....M. aleutica 3 16 301.3 5.3 14.3 2.1 + 6.5 2.6 '1.4 
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Table 20. (continued) 
-
Station N-3 PG&E 
16 Jan. 1975 
2 
n X/CORE 5 5 957.C.L.species X' 
Po1ychaeta 3 11.3. 10.3 1.8 + 7.9 
Crustacea' 3 9.3 2.3 .8 + 3.7 
jMollusca 3.3 ~3 .3 + 1.4 
Total 3 24.0 21.0 2.6 ± 11.3 
( ( ( 
Table 11. 
Station N-4 
16 Aug. 1974 
PG&E 
n N 
2 
N/m X/CORE 8 2 8
-X 
95%C.L. 
2, 
S Ix Xis 
120 
Table 21. (continued) 
Station N-4 PG&E 
16 Aug. 
species 
1974 
n X/CORE 
2 
S S_ 
X 
957.C.L. 
Po1ychaeta 8 17.2 11.9 1.2 + 2.8 
Crustacea 8 9.6 2.2- .5 + 1.2 
Mollusca 8 5.3 4.5 .7 + 1.7 
Total 8 32.2 9.6 1.0 + '2.5 
-
( ( ( 
Table 1£. 
Station N-4 PG&E 2 2 2 
n N N/m X/CORE S S_ 95%C.L. S fx Xis 
29 A~g. 1974' X 
122 
Table 22. (continued) 
-

124 
Table 23. (continued) 
species 
Station N-4 
5 Nov. 1974 
n 
PG&E 
X/CORE 
2 
S S_ 
X· 
95%C.L. 
Po1ychaeta 5 17.0 3.5 .8 + 2.3 
Crustacea S 7.0 1.0r 
.4· + 1.2 
Mollusca 5 3.8 
.2' .2 " + .5 
Total 5 27.8 7.71 1.2 + 3.4 
-
( ( { 
Table 24. 
Station N-4 
4 Jan. 1975. 
PG&E 
n N 
2 
N/m iJCORE 
2 
S s_ 
X 
. 95%C.L. 
2 
S Ix xis 
Po1ychaeta 
Crustacea 
Mollusca 
Total PQI 
K. californiensis 
A. occidenta1is 
E. lourei 
N. elegans 
L. 1uti 
P. daboius 
E. ob1onga 
E. senc111us 
L. diffusa 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
168 
145 
9 
322 
54 
42 
9 
8 
6 
65 
35 
26 
9 
3163.8 
2730.6 
169.4 
6064.0 
1016.9 
790.9 
169.4 
150.6 
112.9 
1224.1 
659.1, 
489.6· 
169.4 
56.0 
48.3 
3.0 
10}.3 
18.0 
14.0 
3.0 
2.6 
2.0 
21.6 
11.6 
8.6 
3.0 
21.0 
202.3 
3.0 
376.~  
112.0 
1.0 
3.0 
6.3: 
1.0 
34.3 
10.3 
46.3 
1.0 
2.6 
8.2 
1.0 
11.2 
6.1 
.~  
1.0' 
1.4 
.5 
3.3 
1.8 
3.9 
.5' 
+
-
+
-
+
-
+
-
+ 
+ 
+ 
+ 
+
-
+ 
+
-
+
-
+ 
7.9. 
24.6 
3.0 
33.6 
18.3 
1.7 
3.0, 
4.3 
1.7 
10.1 
5.5 
11.7 
1.7 
.3 
4.1 
1.0 
3.5 
6.2 
.0 
1.0 
2.3' 
.5 
1.5 
.8 
5.3 
.3 
12.2 
3.3 
1.7' 
5.5. 
1.7 
14.0 
1.7 
1.0 
2.0' 
3.6 
3.6 
1.2 
3.0 
.... 
I\J 
VI 
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Table 24. (continued) 
Station N-4 
4 Jan. 1975 
species n 
Po1ychaeta 3 
Crustacea 3 
Mollusca 3 
Total 3 
PG&E 
X/CORE 
16.3 
6.0 
2.3 
24.6 
2 
S 
9.3 
4.0 
2.3 
8.3 
S 
X 
1.7 
1.1 
.8 
1.6 
957.C.L. 
+ 7.5 
+ 4.9 
+ 3.7 
+ 7.1 
-
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Table 25. 
The Sampling Schedule for the Harbor Stations, B-1, B-2, B-3 and B-4 
Date Station 
2 Ju1 1974 B-1 (4) , B-4 (4)* 
12 Aug 1974 B-2 (3) , B-3 (4) 
25 Sep 1974 B-1 (4) , B-3 (4), B-4 (4) 
27 Sep 1974 B-2 (4) 
13 Nov 1974 B-2 (2) , B-3 (4) 
15 Nov 1974 B-1 (4) 
19 Dec 1974 B-1 (4), B-2 (4), B-3 (4) 
31 Dec 1974 B-4 (4) 
12 Feb 1975 B-3 (4) 
17 Feb 1975 B-1 (4) , B-2 (4) 
4 Apr 1975 B-4 (4) 
1 May 1975 B-1 (4) , B-2 (4), B-3 (4) 
*The parenthesized number indicates the number of repl ica tes 
taken at each station for each sampling date. 
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Table 26. 
Characteristics of the Sediments 
% Silt Coefficient 
!!* Md (phi> % Fine Sand** (::> .026~) Sorting 
N
-
2 3 3.04 ! .2 96.1 ! 7.0 >1.0 ! 0.0 .42 ! .2 
N - 3 3 3.15 ! .03 95.5 :!: 3.6 1.3 :!: 1.9 .42 :!: .03 
N 
- 4 3 3.06 :!: .1 88.9 + 14.0 2.0 :!: 0.3 .54 :!: .3
-
*n D numPer of sediment samples used in calculating the statistics 
**.250 to .062 mm 
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Changes in Number of Species with Time 
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N-4. Changes in Number of Species with Time 
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-
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131 
Figure 17. 
N-2. Change in Number of Individua 1s with Time 
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Figure 18. 
N-3. Change in Number of Individuals with Time 
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Figure 19. 
N-4. Change in Number of Individuals with TI!!!! 
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Figure 22. 
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In contrast to the intertidal stations in Elkhorn Slough where 
polychaete species are the most abundant organisms, the most abundant 
animals at all offshore stations are crustaceans. Hence, the shallow 
station (N-2) is dominated by three amphipod species of the genus 
Eohaustorius and the two deeper stations (N-3 and N-4) are dominated 
by the amphipods Paraphoxus dabious and Eohaustorius sencillus and the 
ostracod Euphilomedes carcharodonta. Probably also as a result of domi-
nance of the stations by a Crustacea, the offshore stations also show 
the curves representing the total number of species/core and the total 
number of individuals/core following the Crustacea curve rather than 
the polychaete curve as in the Elkhorn Slough stations. 
In general, the offshore stations have a higher species diversity than 
do the Elkhorn Slough stations and they do not show as great a decline in 
dive'rsity in the winter as do the Elkhorn Slough intertidal sta tions (Figure 5). 
VII. The Invertebrates of Elkhorn Slough (Exclusive of Insects) 
Ao Introduction 
It has now been forty years since MacGinitie (1935) published his now 
classic paper on the invertebrates of Elkhorn Slough. Since that time, 
the slough has undergone 
" 
a considera ble number of changes, prima ri ly man 
made or llIan-induced. These changes are documented in Gordon (974). As 
a result of these alterations it is reasonable to suspect that there have 
been corresponding cl~nges in the invertebrate species inhabiting the slough. 
Unfortunately, the original paper by MacGinitie was not quantitative. It 
is therefore not possible to analyze the changes in relative abundances 
of various invertebrate species over this time period. We are thus left 
with only the option of considering qualitative changes in the species 
and simple comparisons of presence or absence. 
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Despite the classic study of MecGinitie which conferred upon Elkhorn 
Slough the unique status of having its fauna well studied before the 
-
advent of man-induced changes, there have been no pUblished follow-up 
accounts of the whole invertebrate fauna. As a result of this a truely 
unique opportunity to obtain some assessment of long-term changes in 
faunal composition has not been realized. It is with the thought of 
filling this gap that we have here put together a species list of the 
invertebrates of Elkhorn Slough. 
This species list is based on species reported as present in various 
literature references, which are noted in the list; on voucher specimens 
presen t in the museum of the Moss Landing Merine La bora tories; on the 
collections made during the past year with support from PG&E; and on col-
lections made by various individuals in the scientific community over 
the years, but for which specimens may not always be available. Reference 
to "Light's" in the list means the new third edition of Light's Manual of -
the Intertidal Invertebrates of the Central California Coast edited by 
Smith and Carlton. 
The list specifically excludes insects and other terrestrial arthro-
pods. It is by no means considered by us complete. We have constructed 
it at this time with the hope that by doing so we may obtain feedback 
which will enable us in the future to publish a more complete list from 
which we can begin to analyze changes which have· taken place since 
MacGinitie's work. 
It is well to remember that MacGinitie did not cover some inverte-
brate groups as well as others (Foraminifera, Platyhelminthes, Bryozoa) 
and that still others were not covered at all (Nematoda, Rotifera, Gastro-
tricha, Kinorhyncha). The same is true for the present list. We do not 
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have good collections and/or identifications on Bryozoa, Platyhelminthes, 
and Porifera. We have, further, made no attempt to collect and identify 
Copepoda, Nematoda, RoUfera, Gastrotricha, Kinorhyncha, and Protozoa. 
Hence, this 'list can be considered primarily a list of macro-invertebrate 
species. 
Finally, one should note that MacGinitie's work covered only the lower 
reaches of Elkhorri Slough whereas thiS present work extends as far up the 
slough as the present boat landing at Kirby Park. 
B. Comparisons with ~cGinitie (1935) 
It is not our intention at this time to give a rigorous comparison 
between the invertebrate fauna which we now find in Elkhorn Slough and 
that found by MacGinitie. This is due to the fact that the present species 
list is still"incomplete and must await further revision before this com-
parison can be done. Rather what we discuss here are some of the obvious 
differences between the two lists and suggest some possible reasons for 
these discrepancies. 
Perhaps the most striking difference between our present species list 
and MacGinitie's (1935) is the complete absence of the polychaete family 
Spionidae from MacGinitie's list. Our present stUdy lists eighteen species 
from the slough, and furthermore some of these species are among the most 
common organisms in our quantitative cores. We have no explanation for 
this difference at this time. It does not seem likely that at least a few 
species of this common family were not present in Elkhorn Slough even when 
MacGinitie did his work. It also does not seem likely that he could have 
missed these animals because of size since he did record organisms as small 
as protozoans as well as other polychaetes in the same size class. 
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Although the absence of spionids is the most striking difference 
between our present survey and MacGinitie with respect to polychaetes, 
there are other, probably less significant, differences. For example, 
MacGinitie reports no phyllodocids, but we have four species; no or-
biniids, but we have found three species; no hesionids, but our samples 
yield three species; .no dorvilleids, and we find two species; and no 
magelonids, ctenodrillids and goniadids, whereas. we have one species in 
each of the above groups. On the other hand, we have no intact specimens 
of terebellid polychaetes from the slough (but divers have observed them, 
see section V). He also reports two species of sabellids, but we pTesent_ 
ly have found only one. 
In the Crustacea MacGiQitie has a much longer list of decapod spe-
cies than we have documented. Part of this is due to the fact that we 
do not obtain these larger ~nimals in our samples nor have we made a con-
certed effort to obtain qualitative samples of these animals. Of particu-
lar interest here is the presence of eight species of pea crabs (Pinnother-
idae) in MacGinitie's list. The present state of taxonomy in this group 
is confused (see Light's Manual, page 407) such that it may well be im-
possible to make valid comparisons with MacGinitie with respect to this 
group. We have also not recorded any hermit crabs from the slough al-
though they are undoubtedly present. 
MacGinitie reports no pycnogonids from the slough, but we record 
three species. Perhaps this is directly due to the activities of man as 
all these species are recorded from the breakwater protecting the harbor 
entrance. 
In the phyllum Mollusca several interesting comparisons can be made. 
In the first place, MacGinitie records five species of bivalve molluscs 
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which bore into shale or other rock as well as two additional species of 
bivalves which nestle in the holes bored by the other five. We have not 
found any of these species as yet, but that is probably because we have 
not searched the rocks by the highway one bridge where MacGinitie reported 
them. 
A more interesting comparison with MacGinitie involves the opistobranch 
gastropod molluscs. Because of our strong interest in opistobranchs here, 
we have collected Elkhorn Slough rather thoroughly for this group. The 
list of opistobranchs which we record reflects this. As a result, we feel 
that oUr knowledge of what species are present is better at present for 
this group than perhaps\for any other. We list now thirty-three species 
from the slough whereas MacGinitie listed only five. It is difficult, 
however, to make really valid comparisons since MacGinitie turned over all 
his opistobranch specimens to MacFarland and many were probably never re-
ported in the literature. It should be noted that many of the opistobranch 
species have been found on floating docks, and the presence of these in the 
slough since MacGinitie did his work has undoubtedly increased the number 
of species found. 
Although close examination of the species list will reveal many more 
differences between our work and that of MacGinitie, we are not in a position 
at the present to consider whether these differences are real or represent 
a lack of effort on our part with respect to 'that group. For example, we 
list no chitons for the slough whereas MacGinitie lists several. This is 
undoubtedly partly due to the fact that we have not made the effort as yet 
to collect this group in the slough. Hence comparisons must await further 
work. 
Reference 
MacGinitie (1935) = reported in that paper 
PG&E = from PG&E work (and/or WES work) 
MLML = MLML museum specimen 
Nybakken = observation by 
"McDonald = collection of G. McDonald 
Higher Ta>:cn Species Synonyms Reference Comments 
Protozoa 
Noctiluca sp. MacGinitie (1935) 
Vorticella sp. MacGinitie (1935) 
Arnphisia sp. MacGinitie (1935) 
Condylostoma sp. MacGinitie (1935) 
Cypridium sp. MacGinitie (1935) 
Onychaspis sp. MacGinitie (1935) 
Tracheolocerca sp. MacGinitie (1935) 
Loxophyllum sp. MacGinitie (1935) 
Frontonia sp. ~~cGinitie  (1935) 
Uronychia sp. MacGinitie (1935) 
Hypotrichia sp. MacGinitie (1935) 
Stylotricha sp. MacGinitie (1935) 
Dinophrys sp. MacGinitie (1935) 
Loxodes sp. MacGinitie (1935) 
Pleuronema sp. 11acGinitie (1935) 
Strombidium sp. MacGinitie (1935) 
Cyclidium sp. MacGinitie (1935) 
Euplotes sp. MacGinitie (1935) 
Zoothamnion sp. Nybakken common on settling plates 
Foliiculina sp. Nybakken uncommon on settling plates 
Acineta sp. Nybakken common on hydroid stalks 
Ammonia beccari (Linne, 1758) PG&E 
Porifere. 
Ha1isarca sacra deLaubenfels, 1930 MacGinitie (1935) one identified in Light's 
Cliona celata Grant, 1826 MacGinitie (1935) & MLML 
Mycale macginitiei de Laubenfels, 1930 MacGinitie (1935) 
Haliclona cinera de laUbenfels, 1932 MacGinitie (1935) two species in Light's, A & B! 
Haliclona permollis (Bowerbank, 1866) MLML on jetty, = sp. A in Light's 
Cnidaria 
Obelia longissima (Pallas, 1766) MacGinitie (1935), Nybakken, McDonald 
Obelia gracilis Ca lkins, 1899 MacGinitie (1935) not in Light's 
Opercularella lacerata (Johnston. 1847) MacGinitie (1935) not in Light' s 
Campanularia sp. MacGinitie (1935) 
Abietinaria filicula (Ellis and Solander, 1786) MacGinitie (1935) species not given in Light's 
Aglaophenia struthionoides (Murray, 1860) MacGinitie (1935) 
Syncoryne mirabilis (Agassiz, 1862) MacGinitie (1935) 
Bougainvillia mertensi Agassiz, 1862 ~~cGinitie  (1935) 
Tubula ria croces (Agassiz, 1862) MacGinitie (1935) 
.... 
.l::-
N 
( ( ( 
( ( (' 
Higher Taxon Species Synonyms Reference Comments 
Cnidaria (cont.) 
Polyorchis penicellatus (Eshscholtz, 1829) MLML near Skipper' 5 
Zaolutus actius Hand, 1935 Harenactis attenuata Torrey. 1902 MacGinitie <1935 ) 
Anthop1eura xanthogrammica (Brand t, 1835) MacGinitie (1935). MLML 
Anthop1eura e1egantissima (Brandt, 1835) MacGinitie (1935). MLML 
Metridium senile (Linne. 1767) MacGinitie (1935), MLML common on pilings 
Aurelia aurita (Linne. 1758) MacGinitie (1935), oniyScyphistomas found 
Pelagia nocti1uca (Forskal. 1775) Pelagia panopyra Nybakken commonly washed in 
Pachycerianthus fimbriatus (McMurrich, 1910) PG&E unconfirmed, based on photos of divers 
Ctenophora 
P1eurobrachia bachei Agassiz, 1860 MacGinitie (1935 ) commonly washed in 
P1a tyhe 1minthes 
Eury1epta aurantiaca (Heath & McGregor, 1912) MacGinitie (1935) 
Kaburakia exce1sa Bock. 1925 MLML common in Kaiser water pipes 
,
" Nemertinea 
Carinoma mutabi1is Griffin, 1898 MacGinitie (1935), MLML 
Micrura sp. MacGinitie <1935 ) a new species in MacGinitie 
Cerebratu1us sp. MacGinitie <1935 ) large. to 12'. probably C. californiensis 
Cerebratu1us californiensis Coe. 1905 MLML very large, uncommon 
Paranemertes peregrina Coe. 1901 MacGinitie (1935) 
Ma1acobde11a grossa (Muller, 1776) MLML in Tresus mantle cavity 
Sipuncu10idea 
Themiste perimeces (Fisher, 1Cl28) Dendrostoma perimeces Fisher, 1928 MacGinitie (1935), MLML rare 
Phasco1osoma gou1di (Pourta1es, 1852) MacGinitie <1935 ) nut in Light's 
Echiuroidea 
Urechis caupo Fisher & MacGinitie. 1928 MacGinitie (1935). MLML. PG&E common at lower end 
Phoronidea 
Phoronopsis viridis Hilton, 1930 MacGinitie (1935), MLML, PG&E very common 
En t ro proc ta 
Barentsia gracilis (M.Sars, 1835) MacGinitie (1935), Nybakken 
Bryozoa 
Bowerbankia gracilis 0
' 
Donoghue , 1926 MacGinitie (1935). Nybakken on pilings of Sandho1t Bridge 
Membranipora membranacea (Linnaeus, 1767) MacGinitie (1935) 
Bugula ca lifornica Robertson, 1905 MLML yacht ha rbor 
Crisia occidenta1is Trask, 1857 MLML jetty 
Tricel1aria occidentalis (Trask. 1857) MLML jetty 
Tricellaria sp. MLML jetty 
Dendrobeania lichenoides (Robertson. 1900) MLML jetty 
Brachiopoda 
Glottidia a1bida (Hinds, 1844) NYbakken, PG&E in mud at Skippers 
t-' 
~  
W 
'~igher ":""exon Species Synonyms Reference Comments 
Co ~ychae tc.:. 
P~losydna brevisetosa, Kinberg, 1855 H. insignis Bai rd, 1865 MacGinitie (1935) as H. insignis in MacGinitie 
P-armothoe lunu1ata (delle Chiaje, 1841) 
Ha rmothce priops Ha rtman, 1961 
Hesperonoe adventor (Skogsberg, 1928) 
Hesperonoe comp1anata (Johnson, 1901) 
Pho loe g la bra, Ha rtman, 1961 
Sthene1ais fusca Johnson, 1897 
~~  
~~  
MacGinitie 
MacGinitie 
~&E  
MacGinitie 
(1935) 
(1935) 
(1935) 
subtidal cores 
sUbtidal cores 
commensa 1 
commensa 1 
subtidal cores 
from WES 
from WES 
from WES 
study 
study 
study 
Sthenelais verruculosa Johnson, 1897 PG&E subtidal cores from WES study 
Pareurythoe ca1ifor!lica (Johnson, 1897) 
Neanthes vireO's (Sars, 1835) 
~ereis  prccera E~lers,  1868 
Nereis vexillosa Gru~,  1851 
MacGinitie (1935) 
MacGinitie (1935), Nybakken 
MacGinitie (1935), PG&E 
MacGinitie (1935) 
uncommon 
~tereis dumeri lii (Audouin & MHne-Edwa rds') MacGinitie (1935) not in Light's, probably P1atynereis 
bicana licula ta 
Ea:vnereis bicana1icu1ata (Baird, 1863) 
Peri;ereis monterea (Chamberlain, 1918) 
Xephtys caeca (?abricius, 1780) 
~&E  
MacGinir\e (1935) 
MacGinitie (1935) 
Nephtys caecoides Hartman, 
!'(ep':ltys cornuta :ranciscana 
1938 
Clark & Jones, 
Nephthys ass1mBis Oersted, 
1955 
1"843 ~cGinitie  
PG&E 
(1935), PG&E as N. assimilus in MacGinitie 
Glycera robusts Zhlers, 1868 Ma cGinit ie (1935), PG~  
Glycera rugosa Johnson, 1901 
Glycera convoluta Xeferstein, 1862 
G. americana Leidy, 1855 MacGinitie 
PG&r. 
(1935) 
Hemipodus borealis Johnson, 1901 ~~ 
Diopa tra oma ta Moore, 1911 ~&E sUbtidal cores from WES study 
Diopatra sp1endidissima Kinberg, 1865 ~&E subtidal cores from WES study 
Nothria e1egans (Johnson, 1901) MacGinitie (1935), PG&E 
Onuphis eremita Audouin & Milne-Edwa;rds, 1833 MacGinitie .(1935), PG&E not in Light's 
Leodice longicirrata Webster, 1844 Eunice longicirrata Webster, lB84 MacGinitie (1935), not in Light's, 
Lu!!\brineris tetraura (Schma rda, 1861) L. impatiens C1aparede, 186B MacGinitie (1935), ~&E  in channel cores 
Lumbrineris luti Berkeley & Berkeley, 
Lumbrineris 1imico1a Hartman, 1944 
1945 PG&E 
~~ 
subtidal cores from WES study 
in channel cores 
Audouinia tentacu1ata (Montagu, 1808) Cirriformia tentacu1ata 
Te1epsavus costarum C1aparede, 1870 
(Montagu, 1808) MacGinitie 
PG~  
(1935) not in Light's, proba b1y C. spi ra branchia 
subtidal cores from WES study 
~1Betozone setos8 Malmgren, 1867 ~&E  subtidal cores from WES study 
~ 
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Higher Taxon Species Synonyms Reference Comments 
~olychaeta (cont.) 
Cirriformia spirabrancha (Moore, 1904) Nybakken from Jim Rote 
Cirratulus cirratus (Muller, 1776) PG&E in fish stomach 
Tharyx monilaris Hartman, 1960 PG&E subtidal cores from WES study 
Tharyx parvus Berkeley, 1929 PGo.E 
Stylarioides plumosa Muller, 1788 MacGinitie (1935) not in Light's, not in Hartman's catalog 
Armandia bioculata Hartman, 1938 A. brevis (Moore, 1906) MacGinitie (1935), PGo.E common 
Capitella capitata (Fabricius, 1780) MacGinitie (1935), PGo.E 
Notol11astus giganteus (Moore, 1909) MacGinitie (1935) not in Light~-Hartman  lists in Alaska 200fm 
Notomastus magnus Hartman, 1947 MLML 
Notomastus tenuis Moore, 1909 MacGinitie (1935), PGo.E common 
Mediomastus californiensis Hartman, 1944 PG&E 
He teromas tus filobranchus Berke ley and Berke ley, 1932 PG&E in channel cores 
Pectinaria auricoma (Muller, 1788) MacGinitie (~935)  not in Light's, Hartman lists as 
European Species 
Pectinaria californiensis Hartman, 1941 PG&E probably same as P. auricoma of MacGinitie 
Ampharete labrops Hartman, 1961 PG&E 
Ctenodrilus serratus (Schmidt, 1857) PG&E 
Dorvillea articulata Hartman, 1938 PG&E SUbtidal cores from WES study 
Protodorvillea gracilis (Hartman, 1938) PG&E 
Schistomeringos rudolphi (delle Chiaje, 1828) Dorvillea rudolphi PG&E Light's uses D. rudolphi 
Glycinde sp. PGo.E 
Gyptis brevipalpa (Hartmann-Schroder, 1959) PG&E 
Microphtl~lmus  sp, PG&E possibly a new species 
Trochochaeta multisetosum Oersted, 1843 Disoma franciscanum (Hartman, 1947) PGo.E in channel core 
Magelona sacculata Hartman, 1961 PG&E 
Haploscoloplos pugettensis (Pettibone, 1957) PG&E not in Light's 
Naineris dendritica (Kinberg, 1867) PG&E 
Scoloplos sp. PG&E this may be S. armiger 
Scoloplos armiger (Muller, 1776) PGo.E subtidal cores from WES study 
Owenia sp. PG&E this may be O. col1aris 
Owenia collaris Hartman, 1955 PG&E subtidal cores from WES study 
Pilargis maculata Hartman, 1947 PG&E 
Pilargis berkeleyi Monro, 1933 HacGinitie (1935) 
Sigambra tentaculata (Treadwell, 1941> PG&E subtidal cores from WES study 
Anaitides williamsi Hartman, 1936 PG&E 
Eteone dilatae Hartman, 1936 PG&E 
Eteone longa ca lifornica Hartman, 1936 ~  PG&E as E. californica in Light's 
Eumida bifo I ia ta (Moore, 1909) PG&E 
Exogone lourei Berkeley & Berkeley, 1938 PG&E 
..... 
~ 
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Higher Taxon Species Synonyms Reference Comments 
Folychaeta (cont.) 
Typosy11is armillaris (Muller, 1771) PG&E sUbtidal cores from WES study 
Amaeana occidenta1is (Hartman, 1944) PG&E subtidal cores from WES study 
Pists e10ngata Moore, 1909 MacGinitie (1935) Light's records it from rocks 
Neoamphitrite robusta (Johnson, 1901) Terebella robusts (Johnson, 1901) MacGinitie (1935) N. robusts in Light's 
Loimia medusa (Savigny, 1818) Loimia montagui (Grube) MacGinitie (1935) as L. medusa in Light's 
Eudisty11ia polymorpha (Johnson, 1901) MacGinitie (1935) 
Chone gracilis Moore, 1906 PG&E subtidal cores from WES study 
Chone infundibuliformis Kroyer, 1856 MacGinitie (1935) not in Light's, HDrtman reports as 
European species 
Boccardia proboscidea Hartman, 1940 PG&E 
Boccardia redeki (Horst, 1920) PG&E not in Light's 
BoccBrdia uncata Berkeley, 1927 PG&E not in Light 's 
Dispio uncinata Hartman, 1951 PG&E not in Ligh~s-Hartman  lists in Gulf cf Mex. 
Ma1acoceros (Rhynospio) glutaeus (Ehlers, 1897)/Rhynchcspio arenincola Hartman, 1936/PG&E 
Nerinides acuta (Treadwell, 1914) PG&E sUbtidal cores from WES study 
Polydora brachycepha1a Hartman, 1936 PG&E 
Po1ydora citrona P~rtman,  1941 PG&E not in Light's 
Po1ydora 1igni Webster, 1879 PG&E 
Po1ydora socialis (Schmarda, 1861) PG&E 
Prionospio cirrifera Wiren, 1883 PG&E 
Prionospio pinnata Ehlers, 1901 PG&E in channe 1 cere 
....,. _......~ .~.--- Prionospio pygmaeus Hartman, 1961 PG&E 
Pseudopolydora paucibrsnchiata (Okuda, 1937) PG&E 
Pygospio e1egans C1aparede, 1863 PG&E 
Sco101epis (NerinidesJ tridentata (Southern, 1914) FG&E 
Streb1ospio benedicti Webster, 1879 PG&E 
Spiophanes bombyx (C1aparede, 1870) PG&E 
Spiophanes missicnensis Hartman, 1941 PG&E subtidal cores from WES study 
Spiophanes berke1eyorum Pettibone, 1962 Spiophanes sp. A. of Hodgson PG&E 
..... 
~ 
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Higher Taxon Species Synonyms Reference Comments 
Hirudinea 
Branche11 ion sp. MacGinitie (1935) as a new species, this group not covered 
in curren".: study 
Echinoderms ta 
Pisaster ochraceus (Brandt, 1835) MacGinitie (1935), MLML 
Amphiodia occidentalis (Lyman, 1860) MacGinitie (1935) 
Ophiothrix spiculata LeConte, 1851 
Dendraster excentricus (Eschscholtz, 1831) 
MacGinitie (1935) 
MacGinitie (1935), PG&E common offshore on sand 
Caudina chilensis (J. Muller, 1850) MacGinitie (1935) 
Leptosynapta albicans (Selenka, 1867) MacGinitie (1935) 
Crustacea 
(Ci rripedia) 
Pilsbry, 
Lepas hilli Darwin, 1854 
Balanus tintinnabulum californicus 
Balanus nubilis Darwin, 1854 
Sacculina sp. (on Pugettia producta) 
1916 
B. nubilus 
MacGinitie 
MacGinitie 
MacGinitie 
MacGinitie ----
----
<1935 ) 
(1935) 
(1935 ) 
(1935 ) 
not 
not 
not 
in Light's, but all Lepas are washed 
covered in present survey 
in Light's, probably Heterosaccus 
i 
californicus Boschma, 1933 
(Branchiura) 
(Copepoda) 
Argulus melanostrictus 
Hemicyclops thysanotus 
Wilson, 
Wilson, 
1935 
1935 
MacGinitie 
MacGinitie 
(1935 ) 
(1935) _____ 
not in Light's 
Hemicyclops callianassae Wilson, 1935 MacGinitie <1935 ) whole group not keyed in Light's nor 
Modiolicola gracilis Wilson, 1935 
Trebius caudatus Kroyer, 1837 
MacGinitie 
MacGini tie 
(1935) ~  (1935)~  have we covered it 
<Isopoda) Lironeca vUlgaris Stimpson, 1857 MacGinitie (1935 ) parasitic on fish 
Limnoria lignorum (Rathke, 1799) MacGinitie (1935) one species, maybe different, common on 
pilings 
Pentidotea resecata (Stimpson, 1857) MacGinitie (1935) 
Pentidotea (Idothea) wosnosenskii (Brandt, 1851) MLML at end of jetty 
Phyllodurus abdominalis Stimpson, 1857 MacGinitie (1935) parasitic on Upogebia 
Austrosignum tillerae Menzies & Barnard, 1959 PG&E not in Light's 
Exosphaeroma media (George & Stromberg) PG&E 
Munna ubiquita Menzies, 1952 PG&E subtidal cores from WES study 
(Tanaidacea ) Tanais sp. MLML Light's manual reports only T. vanis 
Leptochelia dubia Kroyer, 1842 PG&E 
Leptognathia sp. PG&E 
(Cumacea ) Cyclaspis sp. PG&E this may be Cyclaspis nubila 
Cyclaspis nubila Zimmer, 1936 PG&E subtidal cores from WES study 
Hemilamprops californica Zimmer, 1936 PG&E subtidal cores from WES study 
..... 
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:2rus ta cea (con to ) 
(Amphipoda) Argissa hamatipes (Norman, 1869) 
A110rchestes angusta Dana, 1854 
Ampithoe 1acertosa Ba te, 1858 
Anisogamw~rus confervico1us (Stimpson, 1857) Gammarus confervico1us 
Aoroides columbiae Walker, 1898 
Atylus tridens (Alderman, 1936) 
Corophium acherusicum Costa, 1857 
Corophium insidiosum Crawford, 1937 
Corophium oak1andense Shoemaker, 1949 
Corophium sa1monis Stimpson, 1857 
Corophium spinicorne Stimpson, 1857 
Corophium uenoi Stephensen, 1932 
Dulichia sp. 
Eohaustorius sencillus Barnard, 1962 
Ischyrocerus pe1agops Ba rna rd, 1962 
Listriella diffusa Barnard, 1959 
Me 1ita sp. 
Monocu1odes spinipes Mills, 1962 
Pa ra phoxus da boius Ba rna rd, 1960 
Pa ra phoxus va ria tus Be rna rd, 1960 
Photis sp. 
Podocerus sp. 
Protomedeia articulata .Barnard, 1962 
Synche1idium shoemakeri Mills, 1962 
Ti ron bioce lla ta Ba rna rd, 1962 
Caprella ca1ifornica Stimpson, 1857 
Caprella scaura Templeton, 1836 
Caprella aequilibria Say, 1817 
Caprella acutifrons Latreille, 1825 
Caprella ferrea Mayer, 1903 
Caprella gracilior Mayer, 1903 
Caprella brevirostris Mayer, 1903 
Caprella mendax Mayer, 1903 
Trite11a 1aevis Mayer, 1903 
(Mysidacee) Acanthomysis sp. 
(Leptos:raca) Epinebalia pugettensis Clark, 1932 
Reference Comments 
PG&E subtidal cores from WES study 
PG&E 
MacGinitie (1935) 
MacGinitie (1935), PG&E as Gammarus confervicolus in MacGinitie 
MacGinitie (1935), PG&E 
PG&E subtidal cores from WES study 
PG&E, MLML 
PG&E introduced (Light's) 
PG&E 
MacGinitie (1935) not in Light 's 
MacGinitie (1935), MLML 
PG&E possibly introduced 
PG&E sUbtidal cores from WES study 
PG&E subtidal cores from WES study 
PG&E 
PG&E sUbtidal cores from WES study 
PG&E 
MLML not in Light's, in harbor entrance 
PG&E subtidal cores from WES study 
PG&E subtidal cores from WES study 
PG&E subtidal cores from WES study 
PG&E subtidal cores from WES study 
PG&E 
PG&E 
PGIicE 
PG&E 
MacGinitie (1935) 
SUbtidal cores 
subtid~l  cores 
not in Llght's 
from WES 
from WES 
study 
stuoy 
MacGinitie (1935) as C. eqUilibria Say, 1818 in Light's 
MacGinitie 
MLML 
(1935) not in Light's 
from end of jetty 
MLML from Elkhorn Yacht Club 
MLML from Elkhorn Yacht Club 
PG&E 
MLML from end of jetty 
PG&E 
PG&E 
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Higher Taxon SpeCies Synonyms Reference Comments 
Crustacea (cont.)  
(Deca poda) Hippo1yte californiensis Holmes, 1895 MacGinitie (1935) 
Heptacarpus pa1udico1a Holmes, 1900 Spirontocaris pa1udico1a (Holmes, 1900) MacGinitie (1935), PG&E as H. pa1udico1a in Light's 
Heptacarpus pictus (Stimpson, 1871) Spirontocaris picta (Stimpson, 1871) MacGinitie (1935) as H. pictus in Light's 
Cragon nigrocauda Stimpson, 1856 Crago nigricauda (Stimpson, 1856) MacGinitie (1935), MLML as Cragon in Light's 
Betaeus longidacty1us Lockington, 1877 MacGinitie (1935) 
Upogebia pugettensis (Dana, 1852) MacGinitie (1935), MLML rare in slough today 
Callianassa californiensis Dana, 1854 MacGinitie (1935), MLML common in slough 
Ca llianassa gigas Dana, 1852 MacGinitie (1935) rare according to Lignt's 
Pagurus hirsutiuscu1us (Dana, 1851) MacGinitie (1935) 
Pagurus samue1is (Stimpson, 1857) MacGinitie (1935) 
Pachyche1es rudis Stimpson, 1859 MacGinitie (1935) 
Petro1isthes cinctipes (Randall, 1839) MacGinitie (1935) 
Cancer magister Dana, 1852 MacGinitie (1935) 
Cancer productus Randall, 1839 MacGinitie (19j5) 
Cancer antennarius Stimpson, 1856 MacGinitie (1935), MLML 
Cancer anthonyi Rathbun, 1897 MacGinitie (1935), MLML 
Cancer gracilis Dana, 1852 MacGinitie (1935), PG&E 
Cancer gibbosu1us (DeHaan, 1835) MacGinitie (1935) 
Cancer jordani Ra thbun, 1900 MacGinitie (1935), PG&E 
Pinnixa fa be (Dana, 1851l MacGinitie (1935)~ 

 
Pinnixa franciscana Ra thbun, 1918 MacGinitie (1935), PG&~ 

 Pinnixa longipes (Lockington, 1877) MacGinitie (1935) difficult group with taxonomy, not well 
Pinnixa schmitti Rathbun, 1904 MacGinitie (1935) worked out, all commensal 
Pinnixa tomentosa Lockington, 1876 MacGinitie (1935) ~not  in Light's 
Pinnixa tubico1a Holmes, 1895 MacGinitie (1935), PG&E~  . 
Sc1erop1ax granu1a ta Ra thbun, 1893 MacGinitie (1935), PG&E 
Opisthopus transversUs Rathbun, 1893 MacGinitie (1935) 
Hemigrapsus oregonensis (Dana, 1851) MacGinitie (1935), PG&E, MLML commonest large cra b in Slough 
Hemigrapsus nudus (Dana, 1851) MacGinitie (1935) 
Pachygrapsus crassipes Randall, 1839 MLML 
Randallia ornata (Randall, 1839) MLML rare 
Loxorhynchus grandis Stimpson, 1857 MLML not in Light 's 
Euphausia pacifica Hansen Nybakken washed in, found at low tide 
Ostracoda 
Podocopid ostracod PG&E 
Euphi10medes carcharodonta Smith, 1951 PG&E subtidal cores from WES study 
Euphi10medes longiseta (JUday, 1907) PG&E 
Euphi10medes ob1onga Juday, 1907 PG&E SUbtidal cores from WES stUdy 
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Species Synonyms Reference 
l'ycnogonulII stell rns i 1ves, 1892 MLNL 
l."'cythorhynchus marginatus Cole, 1904 L. hilgendorfi (Behm, 1879) MLML 
Phoxicili I idium femoratulll (Rathke, 1799) MLML 
Ostrea lurida Carpenter, 1864 MacGinitie (1935), MLML 
Crassostrea virgll1lca (Gmelin, 1791) Ostrea elongata So lander, 1786 MacGinitie (1935) 
~lyti  Ius edulis Linnaeus, l751:\ MacGinitie (1935), Nyhakken, PG&E 
~Iodiolus rectus (Conrad, 1837) MacGinitie (1935), MLML 
~lodiolus  capAX (Conrad, 1837) MacGinitie (1935) 
Adula diegensis (Dal I, 1911) Betula diegensis (Da11, 1911) ~lacGinitie  (1935) 
Lithophnga plumula Hanley, 1844 L. p. kelseyi Hertlein & Strong, 1946 MacGinitie (1935) 
Pseudochama exogyra (Conrad, 1837) MacGinitie (1935) 
Kellis lapC'rousi i (Deshayes, 1839) Y~cGinitie  (1935), MLML 
Mysplla sp. PG&E 
Mysella aleutics (Dall, 1899) PG&E 
Orobitella rugifera (Carpenter, 1864) Pseudopythina rugifera(Carpenter. 1864) MacGinitie (1935) 
Pseudopythina compressa Da 11, 1899 MacGinitie <1935 ) 
Tivela stul torum (Mawe, 1823) 11a cGinitie <1935 ) 
Transennella tantilla Gould, 1852 PG&E 
Sexidomus nuttalli Conrad, 1837 MacGinitie (1935), MLML, PG&E 
Protothaca tenerrima (Carpenter, 1856) Paphia tenerrima (Carpenter, 1856) MacGinitie (1935), MLML 
Protothaca staminea (Conrad, 1837> MacGinitie (1935), MLML, PG&E 
Gemma gemma (Totten, 1834) PG&E 
Pet ri co la ca rditoides (Conrad, 1837) MacGin1t1e (1935) 
?~la  c t ra SP. PG&E 
Tresus nuttalli (Conrad, 1837> MacG1nitie (1935), MLML, PG&E 
Tagelus californianus (Conrad, 1837> MacGinitie (1935) 
Nuttallia nuttallii (Conrad,1837) Sanguinolaria nuttallii(Conrad, 1837) MacGinitie (1935) 
Tellina modesta (Carpenter, 1864) Tellina buttoni Dall, 1900 MacGinitie (1935), PC&E 
Te 11 ina hodegensis Hinds, 1845 MacGinitie (1935) 
TelUna meropsis Dall, 1900 PG&E 
TelliM nuculoides (Reeve, 1854) PG&E 
~coma  inquina ta (Desha yes , 1855) MacGinitie (1935), PG&E 
~coma  nasuta (Conrad, 1837) NncGinitie (1935), MLML, PG&E 
Macoma secta (Conrad, 1837) MacG1nitie (1935), MLML, PG&E 
Macoma acolasta Dall, 1921 PG&E 
Macoma balthica (Linnaeus, l758) M. inconspicua (Broderip & Sowerby, 1829) MLML 
Solen sicarius GOUld, 1850 MacGinitie (1935) 
COill'I.~;-;:..~ 
end of 0rea~Water  
end of breakwBcer 
end of breakwater 
questionably present on floats at Yac;,t 
Club 
introduced 
common 0:1 Sa ndi;o I t Bridge pi 1i ng s 
near Yacht Club 
Light's lists as rock dweller & So. Calif. 
bores in sha Ie 
bores in sha Ie 
in floats at Yacht Club 
this may be M. aleutica 
subtidal cores from WES study 
not in Light 's 
common on open sand beaches, not in sloug;-. 
sUbtidal cores from WES study 
fairly common in places 
rare 
common in lower slough 
common, introduced 
found in pho1ad holes 
perhaps small M. do1abriformis ? 
commonest large clam in slough 
dead shells common, no live ones seen 
subtidal cores from WES study 
subtidal cores from WES study 
commonest clam in the Slough 
common deeper tl~n  X. Msuta 
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Higher Taxon Species Synonyms Reference Comments 
~:ollusca  cont. 
(~ivalvia  cont.) 
Si liqua lucida (Conrad, 1837) MacGinitie (1935), PG&E 
Cooperella subdiaphana (Carpenter, 1864) PG&E subtidal cores from WES study 
Mya a rena ria Linnaeus, 1758 MacGinitie (1935), PG&E introduced 
Cryptomya ca1ifornica (Conrad, 1837) MacGinitie (1935), PG&E, MLML commensa 1 in burrows 
Platyodon cancel latus (Conrad, 1837) MacGinitie (1935) bores' in sha Ie 
Panopea gene rosa (Gould, 1850) MacGinitie (935), MLML' very rare in Slough 
Hiatell.a arctica (Linnaeus, 1767) Saxicava arctica Linnaeus, 1767 MacGinitie (935), MLML on Yacht Harbor floats 
Zirfaea pi1sbryi Lmve, 1931 Zi rfaea gabbi Tryon, 1862 in MacGinitie) MacGinitie (1935), MLML, PG&E common in clay 
Chaceia ovoidea (Gould, 1851) Pholadidea ovoidea (Gould, 18511 MacGinitie. (935) bores .in rock 
Penitella penita (Conrad, 18371 Pho1adidea penita (Conrad, 1837) MacG:f.nitie (935) bores in rock 
[\qnkia selacea (Tyron, 1863) MacGinitie (1935), MLML in Kaiser intake pipes 
Lyrodus pedicellatus (Quatrefages, 1849) Teredo diegensis Bartsch, 1916 MacGinitie (1935) 
Lyonsia califomica Conrad, 1837 PG&E subtidal cores from WES study 
Pecten hindsii Carpenter, 1864 MacGinitie (1935) not in Light's 
Hinnites giganteus Gray, 1825 MacGinitie (1935) 
Lep~opecten  la tiaura tus (Conrad, 1817) MLML Yacht Club on floats 
Pododesmus cepio (Gray, 1850) P. macroschisIT~  (Deshayes, 1839) MacGinitie (1935) 
Clinocardium nutta 11ii (Conrad, 1837) Cardium corbis (Martyn, 1784) MacGinitie (1935), MLML not uncommon at lower end of slough 
Trachycardiurn quadragenarium (Conrad, 1837) PG&E not in Light's 
(Gastropoda) Diodora aspersa (Rathke, 1833) MacGinitie 0935 ) as D.a. (Eschscho1tz) in MacGinitie 
Col1isel1a lirnatula (Carpenter, 1864) Acmaea 1imatu1a (Carpenter, 1864) MacGinitie (1935) 
Col1isella scabra (Gould, 1846) Acmaea sca bra Gould, 1846 MacGinitie (1935), Nybakken common on jetty 
Notoacrnea persona (Ra thke., 1833) Acmaea persona Eschscho1tz MacGinitie 0935 ) 
Tegula funebralis (Adams, 1855) T. funebra1e (Adams, 1854) MacGinitie (935) , Nybakken common on jetty 
Lacuna porrecta Carpenter, 1863 MacGinitie 0935 ) unidentified species in PG&E 
Lacuna unifasciata Carpenter, 1856 MacGinitie 0935 ) unidentified species in PG&E 
Littorina scutu1ata Gould, 1849 MacGinitie (1935) common on rocks by Highway One bridge 
Alvinia acute1irata Carpenter A. compacta Carpenter, 1864 PG&E 
Assiminea ca1iforr.ica (Tryon, 1865) PG&E 
Batillaria attramentaria (Sowerby, 1855)erroneous1y called B. zonalis(Brug, 1792) MLML introduced, very common in Sa1icornia 
Crepidu1a nummaria (Gould, 1846) C. nivea Adams, 1852 MacGinit ie (935) 
Epitonium bellastriatum (Carpenter, 1864) PG&E SUbtidal cores from WES study 
Po1inices draconis (Oal1, 1903) MacGinitie (1935) not in Light's, probably P. 1ewisi 
Polinices lewisi (Gould,1847) Nybakken uncommon at lower end 
Acanthina spirata (Blainvil1e, 1832) MacGinitie (1935), MLML common on rocks by Highway One bridge 
Nuce lla ema rgina ta (Deshayes, 1839) MLML on jetties 
I-' 
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., II u~ca  cont. 
,Cast ropoda conL.) 
Nfl ssa r i us fossa tus (Gould, 1850) Nassa fossata (Gould, 1849) of V~cGinitie  M4 cGinitie (1935) 
~;assarius  mendicus (Gouid, 1849) PG&E 
Nassarius perpinguis (Hinds, 1844) Nassarius rhinetes Berry, 1935 PG&E 
Olive! la hipl icata (Sc,;erby, 1825) MacGinitie (1935), MLML, PG&E 
Olivella pycna Berry, 1935 PG&E 
Kurtziella plumbea Hinds, 1843 Mangelia barbarensis PG&E 
i1itrella gouldii (Carpenter, 1857) PG&E 
Ca ri na ria sp. MLML 
Onchidella boreaiis Dall, 1871 PG&E 
Bulla gouldiana Pils bry, 1843 McDonald 
Aglaja inermis (Cooper, 1862) Chelidonura inermis & Navanax inermis MacGinitie (1935), MLML 
Aglaja diomedea (Bergh, 1894) ~kDonald 
Haminoca vesicula lGould, 1855) MacGinitie (1935), MLML 
Cylichna attonsa (Carpenter, 1865) PG&E 
Aplysia ca I ifamicus Cooper, 1863 Tethys californicus (Cooper, 1863) MecGinitie (1935), Nybakken 
F:lyllaplysia taylori Dall,1900 MacGinitie (1935), Nybakken 
Aplysiopsis' smithi "'.arcus, 1961 Hermaeina smithi in MacFarland, 1966 McDo;'lald, MLML 
Elysia hedg?ethi l'.arcus, i96i McDonald 
Coryphella trilineata O'Donoghue, 1921= C. fisheri MacFarland, 1966 ex MacGinitie (1935)/McDonald, MLML 
Coryphella cooperi Cockerell, 190i McDonald 
Coryphe lla sp. McDona ld 
Alderia modesta (Loven, (844) PG&E 
Hermissenda crassicornis (Eschschol ~z,  1831) McDonald, ~~cGinitie  (1935), MLML 
Curr8notus beaumonti (Eliot, 1906) McDonald, MLI1L 
Eubranchus rustyus (Marcus, 1961) McDonald 
£mercusia morroensis Roller, 1972 McDonald 
Aeolidia papillosa (Linnaeus, 1761) McDonald, MacGinitie (1935) 
Catriona alpha (BsbB & llamatani, 1961) McDona Id 
Trinchesia alhocrusta (MacFarland, 1966) McDona ld 
Data amyra Marcus, 1961 Doto varians MacFarland, 1966 McDonald 
Melibe leonina (Gould, 1852) Nybakken 
Dendronotus frondosus (Ascanius, 1774) D. venustus MacFarland, 1966 McDona ld 
Dendronotus iris CoopC'r, lR63 PG&E, Nyhakken 
Polycera atra MacFarland, 1905 McDonald, MUlL 
Polycera hedgpethi Marcus, 1964 Stiliger fuscovittata Lance, 1962 McDonald 
subtidal cores from WES study 
subtidal cores from WES study 
subtidal cores from WES study 
washed in 
uncommon 
uncommon, but rarely locally abundant 
SUbtidal cores from WES study 
uncommon but may be more common in channe~  
on Zostera 
common on Skipper's docks 
rare 
probably undescribed 
in Vaucheria mats 
common a t times 
always on Tubularia 
probably the new species of Calvina in 
MacGinitie 
rare, Skipper's docks 
on or near anemones 
Skipper's docks 
Skipper's docks 
probably the new species reported by 
MacGinitie 
washed in 
probably the new species reported by 
t-'J8cGini tie 
SUbtidal on Pachycerianthus 
,..... 
( ( ( N 
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Higher Taxon Species Synonyms Reference Comments 
Mollusca (cont.)  
(Gastropoda cont.)  
Archidoris montereyensis (Cooper, 1862) McDonald, MLML fairly common on mud 
Onchidoris hystricina (Bergh, 1878) McDonald 
Onchidoris bilamellata (Linnaeus, 1767) McDona Id on barnacles 
Acanthodoris rhodoceras Cockerell & Eliot, 1905 McDonald 
Acanthodoris cf pilosa (Abildgaard, 1789) McDonald 
Acanthodoris lutea MacFarland, 1925 PG&E confirmed? 
Diaulula sandiegensis (Cooper, 1862) McDonald 
Ancula leutiginosa Fermer, 1964 McDonald rare 
Ancula pacifica MacFarland, 1905 McDonald 
Okenia ange1ensis Lance, 1966 McDonald 
Polyplacophora Lepidozona cooperi Pilsbry, 1892 lshnochiton cooperi Pilsbry MacGinitie (1935~Lepidochitona raymondi (Pilsbry, 1894) MacGinitie (1935) not in Light's 
Mopalia ciliata (Sowerby, 1840) MacGinitie (1935) 
Mopa1ia muscosa (Gould, 1~46)  MacGinitie (1935) have not recorded this group for the 
Mopalia hindsii (Reeve, 1947) M. mucosa hindsii (Reeve, 1847) MacGinitie (1935 Slough yet 
Cepha lopoda 
Paroctopus apo11yon (Berry, 1912) Octopus dolfeini martini Pickford, 1964 MacGinitie (1935) one unknown octopus in MLML collection 
Loligo opalescens Berry, 1911 PG&E 
Chordata Branchiostoma californiense Andrews, 1893 PG&E 
t-' 
I.n 
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SPECIES COMPOSITION, ABUNDANCE AND ECOLOGICAL STUDIES 
OF FISHES AND ZOOPLANKTON IN ELKHORN SLOUGH 
-
FISH INVESTIGATIONS 
I. Introduction 
For the past twelve months, we have been regularly sampling the fish 
fauna of Elkhorn Slough, a coastal tidally influenced embayment located 
in the center of Monterey Bay (Figure l). The original objectives of 
this study were: (1) to provide information on the fish populations of 
Elkhorn Slough, (2) to determir~,~ seasonal changes in these populations, 
(3) to study the feeding habits and reproductive cycles of fish species 
utilizing the slough, (4) to relate feeding habits to food available, and 
(5) to collect comparable data fro~ the shallow shelf near the opening of 
the slough in order to determine the interactions of fish populations be-
tween this area and the slough as well as the amount of "slough-dependence" 
exhibited by these fishes. This report will deal more intently with the 
first two objectives since information on the last three will take more 
time to complete and analyze. However, the progress made toward fulfilling 
all five objectives will be discussed. It must be remembered that the 
results presented in ,this report are very preliminary and will be discussed 
much more thoroughly in a later report following the completion of at least 
one more year of study. 
This report will consist primarily of a brief discussion of methods 
and a relatively detailed analysis of catch statistics from otter trawl 
collections and various other collections. Information on progress made 
regarding reproduction and feeding habit studies, the tag and recapture 
studies, and the creel censuses will also be given. 
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The otter trawl was only useful in the main chal'mel of the slouga, 
where the wa ter is deep and the chan"nel sufficiently long. Since t:he 
trawl appea,red to mis's some ,spe:ci'e's that were visually preisent, other sam-
pling techniques were used on a Iilb'itte sporadic schedule,. one of these, 
a small beach seine (approximat1el';)7 3:0 m long with %" and ~II stretch 
mesh) was used primarily in Bertne1t't Slough (Table 0, which is a small, 
sM llow embayment north of the ha'r'Dbr a'rea. Another la'rge;r beach seine 
(approximately 80 m long with til st'retch mesh in the body and \11 s~retch 
mesh in the purse) was used onry six times (Table 0 and th'e data will not 
be reported here. A sma 11 monofilament gill net. (30 m long" 2 m hi'gh, 
wi th two 5 m panels of 2", 1", and ~" stretch mesh each) wa"s set between 
two anchors for 4 hours at the three Elkhorn Slough station~ (Table 1). 
The gill net was used primarily to catch the smaller school,ing fishes not 
adequately sampled by the otter trawl, such as silversides and herrings. 
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These data will also not be presented here due to small sample sizet but 
will be included in the second annual progress report. 
-
Once a colle~t:ion was made t all species were identified and counted. 
A sUbsample of apprnximately 20 of each species was preserved t when avail-
able, for stomach (';)ntent analysis and reproductive studies. In addition, 
fish that appeared h.ealthy were measured t tagged with serial1.y numbered 
interna 1 anehor i,:['5S (Floy Tag & Mfg. Co.), having the address of the MLML 
on them, and rele'sed (Table 13). At time of release, their condition was 
subjectively evaluated as good (swam strongly), fair (swa.m away after a 
short period), and poor <struggled considerably). The remainder of the 
catch was counted and measured for size frequency analysis. Recently, 
attempts ha·"e bee~l made to weigh the entire catch in order to get an esti-
mate of the volume O"l' biomass of fishes being collected at thn various 
stations and tiDlt\d in the slough. Once good meausrements are made, we 
-
will apply them iri back calculating biomass estimates for thi.s yearUs 
catch statistics. 
Abundance, diver-stty, and species similarity or overlap were then 
analyzed for the different stations over the year. All abundances were 
converted to numbers of fish per five minute tow. Species were ranltcc1 by 
numerical abundance and species composition was compared between locations 
by calculating the parc:ent species unique to one of the paried locatiom:. 
Percent similarity indiceG (PSI) were calculated for each location by 
month usi.ng the formula: 
PSI 2Clft 
A + B 
where A is the number of species in location A, B is the nUDber of species 
in location B, and. C is the number of species common to both samples (Odum, 
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1971). Diversity was calculated by the information function: 
(Shannon and Weaver, 1963), and an estimate of evenness was obtained 
using: 
JI.. HI 
HI 
max 
after Pielou (1969). Another estimate of species richness used was the 
mean number of species captured per five minute tow. Differences between 
mean diversity indices, mean evenness indices and mean numbers of species 
per tow were tested using a t-test (Poole, 1974). 
Fishes removed for feeding habit analysis were returned to the labora-
tory and fixed in 10% formalin, and then stored in specimen jars until time 
was available to enumerate the contents in the stomach. Stomachs were re-
moved, and with contents intact the fullness of the gut was sUbjectively 
scored as 0 • empty; 1 • 25%; 2 .. 50%; 3 .. 75%; and 4 • 100% full. State 
of digestion was scored as 1 • very finely digested, nothing recognizable; 
2 • medium digestion, some recognizable parts; 3 • some digestion, some 
undigested material; and 4 .. undigested, whole animals. The contents were 
then removed, identified to the lowest possible taxa (we depended strongly 
upon the benthic invertebrate group for this), measured with an ocular 
micrometer, and counted. The percent volume.contribution of each prey 
group was subjectively estimated. Any intestinal parasites were identified, 
counted and measured. The Index of Relative Importance of each prey item 
was estimated for food-containing fish as a linear combination of its 
numerical and volumetric importance and frequency of occurrence (Pinkas, 
et al., 1971). The numerical importance of a particular item was the 
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percentage ratio of its abundance to the total abundance of all items 
in the contents. Its volumetric importance was its average percent 
volume. Its percent frequency of occurrence was the percentage of fish 
containing at least one individual. The combination equaled, in percents, 
(number + volume) X (frequency). The IRI ranks the relative importance 
of dietary items. Since the stomach content data is continuously being 
accumulated and IRI's have not been completed for all species and all 
locations, actual feeding habits will not be presented in this report, 
but will be presented in the second annual report. 
Gonads of the preserved fish were removed, measured and histologically 
analyzed for sex and gonad ~turation stage. Again, since these procedures 
are still being -followed on the accumulated specimens of tpe first year's 
trawling, results will not be presented until the next report. 
Creel censuses were performed over the twelve month period at five 
locations'in and around Elkhorn Slough. Each fisherman at each location 
(see Table 14) was asked the number of hours fished, and the number of 
angler hours per visit was then calculated to estimate fishing effort. 
In addition, the catch of each fisherman was inspected by sorting, iden-
tifying, and measuring all fish captured. The species composition of 
the fishermen's catch was later itemized to evaluate which species domi-
nated the catch and the number of fish (total and by individual species) 
caught per angler were calculated to give estimates of catch per unit ef-
fort at the five locations surveyed. 
-
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III. Results and Discussion 
A total of 145 samples were taken at five stations in and around 
Elkhorn Slough (Table 1). Of these, 108 were with the small otter trawl, 
14 were with a small gill net, and 23 were either the small common sense 
seine or the large beach seine. All collections in Bennett Slough were 
with the common sense seine,while most of the collections in Elkhorn 
Slough proper were with the otter trawl. These otter trawl collections 
best represent the 11 months sampled so far in this survey. 
A total of 75 species of fishes were captured in these collections 
and each was given a coded abbreviation (Table 2). Not included in this 
number are the categories,of fish eggs (FE) and young rockfishes (YgS) 
which mayor may not change the total number of species captured. Kukowski 
(1972) reported only 64 species of fishes from Elkhorn Slough, and 15 of 
~ those are not represented im our present collections. Browning (1972) 
lists 75 species from Elkhorh Slough but this number decreases to 70 if 
those fish found only near the peer or the jetties are excluded. It ap-
pears that the systematic sampling approach will allow a better knowledge 
of the fish fauna of Elkhorn Slough and its environs. 
Overall, the mean number of fish per five minute tow increased in 
locations closer to the bridge station (Figure 2). The ocean station con-
sistently had very few fish captured while the bridge station usually pro-
duced the most fish. It appears that the bridge had an additional enhanc-
ing feature in that the rocks and pilings attracted fishes that would not 
otherwise be attracted to a slough environment, thus increasing the number 
of fish available in that area (see Table 5). 
Seasonal variation in fish· abundance was high, but at all stations 
a depression in mean number of fish per tow during the winter months 
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occurred, with the exception of the dairies station which appeared to 
have similar abundances all year (Figure 3). The exceptionally high 
peak during November at the bridge station was from one tow at night 
during an intensive red tide, and was almost entirely composed of the 
shiner perch, Cymatogaster aggregata. Night collections such as these 
should probably be evaluated separately. Again, it is obvious that the 
ocean catches are always low (the abundance coordinate is 1/10 that of 
the other stations and the highest catch per tow was near tpe lowest 
for the other stations). 
There were 1219 specimens of eighteen species of fishes caught over 
the year in 26 otter trawl tows at the Kirby Park station, and the number 
-of species for anyone monthly period ranged from 4 to 11 (Table 3). The 
consistently present species were Cymatogaster aggregata, Platichthys
i 
stellatus, Embiotoca jacksoni, Phanerodon furcatus, Leptocottus armatus, 
and young Myliobatis californica. There was a noticeable drop in the 
abundance of these species during the winter months. Species that had high 
ranks but that were distinctly seasonal in their abundance were Parophrys 
vetulus, Engraulis mordax, and Clupea harengus pallasii. The high abundances 
of Parophrys vetulus were due to large numbers of juveniles during the 
spring months and those of Clupea harengus pallasii occurred a bit earlier 
and appeared to correlate with their known time of spawning on eelgrass in 
shore waters (Miller and Schmidtke, 1956). 
The 33 species caught in 29 tows at the Dairies were represented by 
954 indiViduals, and the number of species ranged from 6 to 15 for anyone 
month (Table 4). The commonly abundant species were Phanerodon furcatus, 
Cymatogaster aggregata, Embiotoca jacksoni, Platichthys stellatus, 
Citharichthys stigmaeus, and Leptocottus armatus. Those species that had 
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relatively high ranks but occurred more sporadically were Barophrys vetulus 
(juveniles during the spring), Porichthys notatus (mostly juveniles that 
probably recently hatched from egg masses), and Sebastes auriculatus (juve-
niles which were caught in abundance only once). The top six species were 
present all year 'around, but the other fishes in the top ranks were more 
irregularly abundant. The mean number of fish per five minute tow did not 
vary much over the year, and the fishes ranking highly appear to be represen-
tative of the fish fauna of the slough environment. 
In the 22 'tows 'taken at the bridge station, 3290 individuals comprised 
of 38 species were captured (Table 5). This represents the largest number 
of species for any station sampled in Elkhorn Slough. The number of spe-
cies was lowest in January (6) and highest in the months of August, Novem-
ber, and June of the following year (17-18). The November catch is from 
only one very productive night haul taken during an intense and prolonged 
red tide. This one tow captured 1414 individuals of 17 species, most of 
which (1208) were Cymatogaster aggregata. It thiS haul is not included, 
the mean number of fishes per five minute tow reduces to only 66.9 (! 49.0) 
instead of 136.9 (! 148.0). Nevertheless, the bridge station consistently 
produced the highest abundance and the most species. One of the possible 
reasons for thiS, already considered, is the availability of diverse sub-
strate such as the bridge pilings and other rocky debris. Species that 
would be more typically found in rocky areas .are Artedius harringtoni, 
Coryphopterus nicholsii, Hexagrammos decagrammus, Neoclinus uninotatus, 
Scorpaenichthys marmoratus, and juvenile Sebastes, especially ~. auriculatus, 
§. mystinus, ~. paucispinis and ~. rastrelliger. It is also possible that 
there was some effect of the Pacific Gas and Electric Company's outfall, 
\ 
which discharges heated water into slough waters near there, but this can-
not be adequately evaluated. The regular dominant species of slough fishes 
still dominated the list when ranked in order of mean abundance per five 
minute tow. These were Cymatogaster aggregata, Phanerodon furcatus, 
Citharichthys stigmaeus, Embiotoca jacksoni, Citharichthys sordidus, 
Platichthys stellatus, Scorpaenichthys marmoratus, and Leptocottus armatus. 
Of these, the presence of ~. marmoratus is probably related to the available 
rocky substrate, and Citharichthys stigmaeus and f. sordidus are probably 
there since the station is closer to the shallow ocean coastline where they 
are abundant and the sediment is probably more similar to their ocean habi-
tat. It should be noted that sanddabs were not collected in large abundance 
at Kirby Park (Table 3). 
Fewer species (26) and fewer individuals (328) were taken by otter 
trawls at the ocean stations than at ~ny other stations with fewer tows 
(Table 6). Only one month showed a high number of species captured, when -
in June 1975, 17 species were captured in 2 tows. During all the other 
months the number of species ranged from only 2 to 10. Again, a decrease 
in the mean number of species per tow and the mean number of individuals 
per tow occurred during the winter months. This trend is evident for most 
of the stations, but appears more consistent at the ocean location. The 
dominant species at the ocean station were not at all similar to those 
caught in the three slough stations. Of the five dominants (Citharichthys 
stigmaeus, Amphistichus argenteus, Hyperprosopon argenteum, Spirinchus 
starksi, and Cymatogaster aggregata), only one (Cymatogaster aggregata) was 
found in abundance at any of the three slough stations. Some of the 
seasonal visitors to the slough, such as Parophrys vetulus, also occurred 
offshore but not in as great numbers. Catch rates over the year were so 
-
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low that the towing was increased from 5 to 10 minutes to raise the pro-
bability of a larger catch. In March, we used a larger otter trawl 
(26 foot headrope) and caught more individuals and slightly more spe-
cies. Since this larger trawl did not increase our catch significantly, 
and since we have been using the small trawl consistently for over a year, 
we will continue to use the smaller trawl and attempt to increase oUr 
sample size each month. 
Finally, the catch data for Bennett Slough (using the common sense 
seine) showed a relatively low number of species (12) from 17 seines, but 
a higher number of individuals (Table 7). Since the seine was used it 
is not valid to compare the catch rates for Bennett Slough with other 
slough stations. However, it is likely that the 17 seines captured most 
fishes occupying Bennett Slough and will give at least an idea of the fish 
fauna inhabiting that location. It is notable that several of the species 
caught in Bennett Slough, Acanthogobius flavimanus, Clevelandia iOs, and 
Gasterosteus aculeatus, were not caught at any other station in the slough. 
In addition Sygnathus leptorhynchus-griseolineatus was much more abundant 
in Bennett Slough (Table 7) than at either the Ocean or Bridge (Tables 5, 
6). It is possible that some of these are excluded from the main slough 
otter trawl catches due to mesh size. The dominant fishes caught in 
Bennett Slough were Clevelandia ios, Leptocottus armatus, Platichthys 
stellatus, Atherinops affinis, Porichthys notatus (apparently a seasonal 
visitor as a spawning adult or newly recruited juvenile), and Embiotoca 
1acksoni. The majority of these fishes are also qUite common in the 
rest of Elkhorn Slough, and it appears from the catch rates of the indi-
vidual dominant species that most of them are present abundantly all year. 
Incidental catches of invertebrates yielded 26 species, several of 
which had not been sampled in the benthic cores (Table 8). The tows near 
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the Dairies yielded the highest number of invertebrate species (15) with 
the Ocean the next highest. The two crustaceans, Crago nigricauda and 
Hemigrapsus oregonensis, were the predomiRQnt species of invertebrates 
captured in otter trawl tows. 
In summary, the otter trawl fish catch (Table 9) shows that the bridge 
station yielded the most species while Bennett Slough, Kirby Park, and the 
ocean stations yielded less. 
Species composition was most similar between the Dairies and the Bridge 
and least similar between any of the slough stations (Dairies, Bridge or 
Kirby Park) and the ocean station (Table 10). Kirby P~rk had few species 
not found elsewhere, and therefore it is apparently dependent on other and 
adjacent areas for its species. Another interpretation would be that few 
species can be successful at the inland end of the slough. Kirby Bark had 
" 
only 11% of its species that were unique from the adjacent Dairies, while 
the Dairies had 52% species unique from Kirby Park. Additionally, few of 
the species from Kirby Park also occurred at the ocean station, since Kirby 
Park had 56% unique species from the Ocean and the Ocean had 69% unique 
from Kirby Park. The Bridge and the Dairies were the most similar, with the 
Bridge ha~ing only 34% unique species when compared to the 24% unique species 
for the Dairies. The ocean station was very dissimilar when compared to 
any of the slough stations. 
Percent similarity indices (PSI) calculated each month indicate that 
the differences in species composition between stations were year-long 
phenomena (Table 11). The most similar locations were the Bridge and 
Dairies (PSI A 70.4), with the monthly indices ranging from 50.0 to 77.8%. 
The Bridge and Ocean usually had very dissimilar fishes (PSI • 56.3), witll 
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a range of 15.4 to 76.9% over the year. These indices were highly variable 
and a look at the species composition list (Tables 5, 6) indicates that in 
December 1974 and April 1975 the high PSI value is a result of the low 
numbers of species caught in conjunction with several species occurring in 
both locations. During the June 1975 period, a large number of species were 
collected and many of these occurred in both stations. Otherwise, the data 
for the rest of the year indicate that the Bridge and Ocean were occupied 
by very different fish fauna. Kirby Park and the Dairies had an overall 
percent similarity index between that of the two previous pairs of stations 
(PSI • 62.7), and again, the indices were highly variable, r~nging from 
15.4 to 76.9%. For the majority of the months, these two stations had simi-
lar fish faunas, with the PSI always over 53%. However, during November 
1974 and March 1975 they dropped much lower.~ring November, even though 
a large number of species (16) were caught at the Dairies, only 4 species 
were caught at Kirby Park and only three of them were similar. In March, 
several species were caught at both station~ ~~en though only one species 
(Platichthys stellatus) was caught in both places. Despite these instances 
of dissimilarity, it appears that the three slough stations are much more 
similar among themselves than the ocean is with any of them. 
For all tows over the year at each station, diversity indices in the 
form of mean number of species per tow and the Shannon-Weaver information 
function, are lowest at the ocean station, r~se to a peak at the Bridge, 
and slowly decline as the stations are located further from the Ocean and 
Bridge influence (Figure 4). The evenness index (J'), however, does not 
appear to exhibit any variation along this gradient. Thus, these changes 
in diversity are more due to the species richness component than to the 
apportionment of indiViduals among species. 
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None bf the meah H' or JI valUes significantly differed between lo-
cations, but Kirby Park had significantly fewer species per tow than the 
Bridge, and the ocean station had significantly fewer species per tow than 
either the bridge or dairies stations (Table 12). 
When these three species diversity indices are plotted by month for 
the various stations, all three decline during the winter months (Figures 
5 - 8). Much of the increase in diversity at Kirby Park during the spring 
and summer is due to add{tional species that enter the slough as juveniles, 
such as juvenile rockfishes and young English sole (Parophrys vetulus) 
(Figure 5, Table 3). A similar conclusion can be reached for the seasonal 
variation in fish species at the Dairies (Figure 6, Table 4). The winter 
decline in diversity is altered at the bridge station during November 1974 
and it appears that this is due to the extensive red tide during that time 
and that it is all based on one night tow. The dominant species was the 
shiner perch Cymatogaster aggregata, but 17 species total were taken in that 
-
tow (table 6), thus increasing the diversity indices considerably. Other-
wise, it appears that the fish fauna at the Bridge also takes a dip in 
diversity during the winter months (Figure 7). The ocean station, even 
though it has fewer species to begin with, also shows this winter decline 
in diversity (Figure 8). The increase in diversity during March 1975 might 
be attributed to the use of the larger trawl rather than a real increase 
in diversity. However, since all the subsequent samples were taken with 
the normal, smaller trawl, and the diversity still holds up, it appears that 
this spring increase in diversity is a real occurrence, at the ocean station 
and at stations within the slough. 
In all, 653 fish from 9 species have been tagged in Elkhorn Slough and 
the Ocean (Table 13). To date, 9 have been recovered, all close to where 
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they were originally captured, tagged and released. Three of the 150 
tagged Embiotoca jacksoni have been returned, two from fishermen, and 
one frcimciur trawling activities. Four of the 200 tagged P1atichthys 
stellatus have been returned, three from fishermen and one from our 
seining ~'ctiv1.tiesin 'Bennett Slough. And 2 of the 8 tagged Scorpeenich-
thys marmoratus have been ret'umed, all from fishermen. We have expe-
rienced difficulty in tagging the extremely small fishes, and apparently 
there is a' high mortality associated with catching, measuring, handling, 
and tagging these fishes~ Our best luck will be with the heartier fishes 
such
"-
as P1atichthys stellatus, Embiotoca jacksoni, Phanerodon furcatus, 
and LeptbJottus armatus. Unfortunately, one of the most abundant fish, 
"'. 
Cymatogaster aggregata, is not a good tagging candidate, due to its small 
size and the low probability of its recapture by fishermen (see Table 14). 
'So~e 'preliminary results on laboratory maintenance of tagged fish indicates 
that the tagging procedure itself does not kill many specimens. However, 
it may reduce the ability of a tagged fish to compete in the water. 
The majority of the tag returns are from the bridge location (Table 
13), and this is probably due to the large fishing effort at that location 
and the fact that it is the passage for any fish entering or leaVing the 
slough and therefore may have the highest probability of tag recaptures. 
Also, more fish have been tagged at the bridge station than elsewhere. Our 
tagging'procedures will be intensified in the next year so that more infor-
matiori can be gained about emigration and immigration in Elkhorn Slough. 
Only three fish were tagged from the ocean stations all year. In spite of 
the low abundance of fishes from this station, an effort will be made to 
tag a higher proportion of the catch. 
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It is interesting to note that, despite the intense fishing at 
the two recent shark derbies, not one tagged fish or elasmobranch was 
captured. It appears that the number of fishes in Elkhorn Slough is 
sufficiently large to prevent a large proportion of our tagged fish to 
be recaptured. 
Studies on the reproductive cycles of the dominant fishes in Elk-
horn Slough are progressing but are not in complete enough form to report 
here. Subsamples of gonads of the majority of the species captured in 
the slough have been taken for histological analysis. Approximately 200 
gonads have been histologically processed and analyzed for gonadal state 
and sex ratios. This work is continuing so that at the end of the second 
year, we should have a good idea of the reproductive cycles of the fishes 
common in Elkhorn Slough and those which enter the slough to complete at 
least part of their reproductive activities. 
At present, we have information that indicates several species depend 
upon the slough for a nursery ground. Large numbers of juvenile English 
sole, Parophrys vetulus, have been found at all stations during the spring 
months and it appears that the young of this species find conducive con-
ditions in Elkhorn Slough (Smith and Nitsos, 1969). Also, spawning adult 
Porichthys notatus were found during the spring months at Kirby Park and 
in Bennett Slough, and their young have been found in large numbers, es-
pecially in the relatively protected areas like Bennett Slough (Tables 3 -
7). At least six species of embiotocids bear live young in the slough, 
and these are among the dominant species occurring all year. Several 
species of elasmobranchs also bear live young in Elkhorn Slough (Talent, 
1973a), and these are known to be regular occupants of these waters 
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(Talent, 1973b). Young of Citharichthys sordidus and f. stigmaeus are 
often common in catches, especially near the mouth of the slough. Juvenile 
rockfishes often occur in very large numbers in Elkhorn Slough waters, 
especially at the Bridge and Dairies (Tables 4, 5). We have collected egg 
masses of the herring (Clupea harengus pallasii) and the two silversides, 
Atherinops affinis and Atherinopsis californiensis. We are continuously 
accumUlating information on the importance of Elkhorn Slough waters for 
fish reproduction and will report further in the next report. 
. . . 
Out of o'ver 9dOO~'f{shes caught using a 11 methods over the past year, 
1227 of those saved for feeding habit analysis have been worked up. Since 
it takes a tremendous amount of time to calculate prey importance by num-
ber, volume and frequency of occurrence, these values have not been com-
pleted and will not be reported here. By the end of the second year, feed-
ing habit analysis for most of the species will be completed and we will be 
able to compare their feeding preferences in terms of what they feed on 
compared to what was available, based on the benthic surveys and the zoo-
. plankton samples. We have worked up' preliminary data and have found that 
this approach is definitely feasible and should yield very valuable infor-
mation about resource utilization of the fishes in Elkhorn Slough. 
Of the five locations surveyed in the creel census work, three were 
the most utilized by fishermen and the numbers of fishes taken were qUite 
high (Table 14). A large variety of fish species were caught at Skipper's 
docks (28), the North Jetty (28), and the South Jetty (26), while only two 
species were caught at Bennett Slough all year long, and only 6 at Kirby 
Park. The North 'Jetty and Skipper's docks were the most heaVily fished 
in terms of the number of angler hours per visit. The North Jetty and 
172 
Skipper's had values of 26.0 and 27.0 respectively, while the South Jetty 
had only 17.5 and Bennett Slough and Kirby Park had only 0.82 and 10.2 
angler hours per visit respectively. Our estimate of the total number of 
angling days, excluding skiff and pier fishing, is around 12,000 fishermen 
per year, which compares fairly well with the estimate of 20,000 by Browning 
(1972). Part of the discrepancy could be due to the fact that we did not 
adequately survey shore fishermen in areas such as the harbor. 
The three most heavily used areas captured about the same number of 
fish per angler (the North Jetty, South Jetty, and Skipper's values only 
ranged from 0.76 to 0.79 fish per angler) (Table 14). Bennett Slough had 
a higher value (1.54), mostly due to a few very successful fishermen catch-
ing Leptocottusarmatus, as indicated by the high standard dev~ation for 
that location. Kirby Park fishermen captured only 0.36 fish per angler 
hour. 
For all stations, the dominant fish species caught were Leptocottus 
armatus, Platichthys stellatus, Phanerodon furcatus, Embiotoca 1acksoni, 
Cymatogaster aggregata, Psettichthys melanostictus, Hyperprosopon argenteum,
i 
juvenile rockfishes, and Genyonemus 1ineatus (Table 14). Leptocottus 
armatus was the predominant fish in the catch at three out of the five 10-
cations, and Platichthys stellatus, Phanerodon furcatus, Embiotoca 1acksoni 
and Cymatogaster aggregata were important at the more inland fishing spots. 
At the north and south jetties, Psettichthys melanostictus, Hyperprosopon 
argenteum, and Genyonemus lineatus became more important. It is apparent 
that these species live near the mouth of the slough in and around the 
jetties, but from oUr other catch information, do not occupy the actual 
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slough waters in great numbers. The typical slough species, still, 
are caught at most of the stations surveyed. 
The fishing effort and catch per unit effort varied seasonally with 
a noticeable depression in both parameters during the winter months 
(Figure 9). This observation is 'similar to that resolved from oUr trawl 
catch data (Figure 3), but it appears that it is at least partially due 
to the decreased effort during the winter months when it is not pleasant 
weather for fishing. However, the fact that the catch per unit effort also 
decreases with season implies that something other than fishing intensity 
is operating and that a natural decline in fish stocks occurred during the 
winter months. Some of this variation can be attributed to the scarcity 
of the juvenile forms that were otherwise caught in great numbers during 
the spring and summer months. 
This seasonal dip in catch per unit effort is very evident when all 
locations are combined (Figure 9a), for the North Jetty (Figure 9b), and 
for the South Jetty (Figure 9c). However, the catches at Skipper's (Figure 
9d), however variable, appeared to exhibit much less of a decline during 
the winter and this implies that Skipper's is a more consistently pro-
ductive habitat for fishing. The small number of visits and anglers per 
visit at Bennett Slough and Kirby Park did not warrant such an analysis. 
Thus, our primary objective to "provide information on the fish popu-
la tions of Elkhorn Slough" has been sa tisfied and sufficient informs tion 
has been gathered to suggest emphasis on further studies. We plan to con-
tinue our regular sampling regime, but will begin to concentrate less on 
the survey approach and more on the detailed ecological investigations, 
in order to better understand the trophic interactions among the fish 
populations in Elkhorn Slough. Some of our plans are: 
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1.  To sample more intensively, with more samples, to get better 
estimates of abundance. 
2.  To attempt good estimates of biomass of fishes at the Elkhorn 
Slough stations. 
3.  To completely describe the feeding habits of common fishes in 
the slough. 
4.  To .s.ample fishes in direct conjunction with the benthic and 
zooplankton groups so that feeding habits in relation to food 
availability can be evaluated. 
5.  To increase the tagging activity so that better estimates of 
slough dependence, immigration and emigration can be obtained. 
6.  To. survey on several occasions the channels of the slough using 
S.C.U.B.A. gear to evaluate how well our samples represent the 
fauna. 
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Figure 5. Seasonal variation in fish species diversity at Kirby Park 
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Seasonal variation in fish species diversity at the DairiesFigure 6. 
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Figure 8. Seasonal variation in fish species diversity at the Ocean stations 
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Figure 9. Catch and catch per unit effort of Elkhorn Slough fishermen 
(Creel censuses: JUly 1974 - June 1975) 
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Figure 9. Catch and catch per unit of Elkhorn Slough fishermen 
(Creel censuses: JUly 1974 - June 1975) 
(continued) 
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Table 1.• Elkhorn slough fish catch locations, methods and times 
(August 1974 - June 1975) 
Bennett 
Kirby' Park Dairies Bridge Ocean Slough 
Month o.'r., G.N. B.S.
-'-'-
O.T. G.N. ~ ~ B.S. O.T. B.S. B.S. 
1974 August 1 2 1 2 
September '2',. 1 1 1 
October 2 1 1 4 2 
November 1 1 3 1 4 2 
December 6 5 2 3 1 
1975 January 6 4 3 4 2 3 
February 2 1 2 1 3 1 4 
March 1 2 2 2 2 4* 4 
April 2 1 4 4 1 2 3 
May 1 1 2 1 3 3 
June ~ ...-! ..2 ...-! ...l ...1. ..! 
26 4 1 29 2 21 6 2 32 2 18 
Totals 
O.T. (Otter Trawl) • 108 
G.N .. (Gill Net) • 14 
B.S. (Beach Seine) • 23 
145 
*used large otter trawl (24' head rope) 
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Table 2. List and abbreviations of fishes collected i~ ElkhorQ Slough 
(August 1974 - June 1975) 
Aa 
Aarg 
Ac 
Af 
Ao 
Ah 
As 
Ahex 
Ak 
Ar 
Ca 
Ci 
Cn 
Cp 
Csord 
Cstig 
Ct 
Cv 
Dp 
Dv 
Ej 
El 
Em 
FE 
Ga 
Gl 
Gm 
Ha-., 
Harg 
Hd 
Hg 
Hp 
La 
Lb 
Ll 
Ma 
Mc 
Mb 
Mm 
Atherinops affinis 
Amphistichus argenteus 
Atherinopsis californiensis 
Acanthogobius flavimanus 
Anarrhichthys ocellatus 
Artedius harringtoni 
Alosa sapidissima 
Ammodytes hexapterus 
Amphistichus koelzi 
Amphistichus rhodoterus 
,CYmatogaster aggregata 
Clevelandia ios 
Coryphopterus nicholsii 
Clupea harengus pallasii 
Citharichthys sordidus 
Citharichthys stigmseus 
Chilara taylori 
Cebidichthys violaceus 
Dorosoma petenense 
Dams Uchthys vacca 
Embiotoca jacksoni 
Embiotoca lateralis 
Engraulis mordax 
Fish Eggs' 
Gasterosteus aculeatus 
Gehyonemus lineatus 
Gillichthys mirabilis 
Hyperprosopon anale 
Hyperprosopon argenteum 
Hexagrammos decagrammus 
Hypsopsetta guttulata 
Hypomesus pretiosus 
Leptocottus armatus 
Lepidopsetta bilineata 
Lepidogobius lepidus 
Micrometrus aurora 
Mustelus californicus 
Mustelus henlei-
Micrometrus minimus 
Mprox 
Myl 
Nu 
Oc 
Oe 
Op 
Ot 
Pc 
Pd 
Pf 
Pm 
Pn 
Pstel 
Pv 
Rb 
Rp 
Rt 
Rs 
Satri 
Satro 
Saur 
Sc 
Sd 
Sj 
Sl 
Slg 
Sm 
Smel 
Smyst 
Spauc 
Spol 
Sras 
Ss 
Sx 
Tsemi 
Tsym 
Uh 
YgS 
Micro~adus proximus 
Myliobstis cal~fornica 
NeQclinus ~lnotatus 
Oxyjulis cal~fornicus 
Ophiodon elongatus 
Oxylebius pictus 
Oncorhynclaps tsawytscha 
faralichthys californicus 
PleuroQichthys decurrens 
Phanerodon f~rcatus 
Psettichthys melanostictus 
Poricqthys nota tus 
Platichthys .tellatus 
Parophrys vetulus 
Raja binoQula ta 
Rhinobst~8 productus 
Rhacochilus toxotes 
RoCCU8 8a~tili8 
Symphuru8 ,tricauda -
Sebastes atrovirens 
Sebastes auriculatus 
Sebastes caurinus 
Sebaliite~ dalU 
Sebastes jordan! 
Synodus lucioceps 
Syngnathus leptorhynchus-griseolineatus 
Scorpaenichthys me rmora tus 
Sebastes melanops 
Sebastes mystinus 
Sebastes paucispinis 
Seriphus politus 
Sebastes rastrelliger 
Spirinchus starksi 
Stellerina xyosterna 
Triakis semifasciata 
Trachurus symmetricus 
Urolophus ha Heri 
Young Sebastes spp. 
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Table 3. 
F ISH SAMPLE MONTHLY SUMMARY 
KIRBY PARK 
(All are otter trawl tows - numbers are expressed as number per 5 minute otter trawl tow) 
1974 1975 
Species of Fishe~  Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun N per 5 Min; Tow Rank 
Atherinops affinis 0.5 0.05 15 
Atherinopsis californiensis 0.3 0.03 17 
Citharichthys stigmaeus 0.5 0.05 15 
C1upea harengus pa 11asH 0.8 0.3 7.5 0.78 8 
Cymatogaster aggregata 17.0 80.5 28.0 27.0 0.2 0.5 31.5 14.0 27.0 32.0 23.42 1 
Dama1ichthys vacca 0.2 0.5 0.5 0.11 14 
Dorosoma petenense 2.3 0.21 11 
Embiotoca jacksoni 14.0 13.5 0.5 0.2 0.3 0.5 2.63 5 
Engraulis mordax 44.0 3.5 25.0 0.3 6.61 3 
Hyperprosopon argenteum 0.5 0.3 1.0 2.3 0.37 10 
Leptocottus armatus 3.0 6.5 2.0 0.1 0.3 1.0 0.3 0.5 1.0 1.33 7 
Mylioba tis ca lifomica 1.5 0.2 0.3 0.3 0.2 2.0 0.40 9 
Parophrys vetu1us 1.0 2.5 21.0 62.3 7.89 2 
Phanerodon furcatus 2.0 1.0 1.0 0.5 0.5 0.3 2.3 5.0 2.8 1.39 6 
P1atichthys stellatus 1,0 5.0 1.0 16.0 0.3 0.6 1.8 1.0 2.0 3.0 0.5 2.92 4 
Porichthys notatus 1.5 0.3 0.16 13 
Sebastes rastre1liger 0.3 0.02 18 
Triakis semifascia ta 1.0 0.5 0.5 0.18 12 
Number of Species Caught 6 7 7 4 6 8 6 6 9 11 9 18 
Total Number of Fish Caught 
Mean Number of Fish per 5 Minute Tow 
81 223 
81.0 111.5 
69 
34.5 
69 
69.0 
24 
4.0 
35 
5.8 
13 
6.5 
83 
83.0 
88 125 409 
44.0 125.0 204.5 
1219 
43.5 ! 21.2 
Number of Tows 1 2 2 1 6 6 2 1 2 1 2 26 
t-' 
(Xl 
"'-J 
Table 4.  
F ISH SAMPLE MONTHLY SUMMARY 
DAIRIES 
(All are otter trawl tows - numbers are expressed as number per 5 minute otter trawl tow) 
1974 1975 
Species of Fishes Aug 'Sep Oct Nov Dec Jan Feb Mar Apr May Jun Nper 5 Min. Tow Rank 
Artedius harringtoni 0.1 0.01 31 
Atherinops affinis 0.1 0.01 31 
Atherinopsis californiensis 0.25 0.02 27 
Citharichthys sordidus 0.5 4.0 0.41 9 
Ci tha richthys s t igmaeus 2.0 2.0 0.1 0.3 0.3 0.5 1.0 0.55 6 
Cl upea ha rengus pa lla s i i 19.0 1. 73 4 
Coryphopterus nicholsii 0.2 0.02 27 
Cymatogaster aggregata 6.0 21.0 7.0 13.3 9.4 0.9 1.3 4.6 2.3 2.7 6.22 2 
Dama1ichthys vacca 0.5 0.1 0.8 0.5 0.8 1.3 0.36 11 
Embiotoca jacksoni 1.5 20.0 15.0 3.3 2.2 0.1 1.3 0.8 1.6 7.0 4.80 3 
Engraul is mordax 1.0 0.8 0.16 16 
GasteroSLeus acu1eatus 0.5 0.05 19 
Hyperprosopon argenteum 2.0 0.3 0.3 0.3 0.3 0.3 0.31 13 
Hyposetta guttulata 0.3 0.1 0.04 22 
Lepidogobius lepidus 0.5 0.05 19 
Leptocottus armatus 0.5 1.0 1.0 1.7 0.1 0.3 0.5 0.46 7 
Micrometrus minimus 0.2 0.02 27 
Myliobatis ca1ifornica 0.3 0.1 0.2 0.06 17 
Ophiodon elongatus 0.3 0.02 27 
Parophrys vetulus 1.0 0.5 2.7 0.38 10 
Phanerodon furcatus 0.5 16.0 15.0 3.7 8.5 10.4 6.0 3.3 2.4 1.3 5.3 6.57 1 
P1atichthys stellatus 1.0 0.7 1.0 1.3 0.8 1.0 2.4 2.5 0.5 1.00 5 
Porichthys notatus 4.0 0.36 11 
R~~cochi1us toxotes 0.1 0.01 31 
Scorpaenichthys marmoratus 2.0 0.5 0.23 15 
Sebastes atrovirens 0.3 0.03 23 
Sebastes auricu1atus 4.0 0.3 0.7 0.45 8 
Sebastes CBurinus 0.3 0.03 23 
Sebastes dalli 0.5 0.05 19 
Sebastes melanops 0.3 0.03 23 
Sebastes mystinus 1.0 1.7 0.3 0.5 0.31 13 
Triakis semifasciata 0.3 0.03 23 
Urolophus halleri 0.1 0.5 0.06 17 
Number of Species Caught 9 6 7 16 9 8 9 7 9 9 15 33 
Total Number of Fish Caught 27 60 45 125 153 115 45 24 106 113 141 954 
Mean Number of Fish per 5 Minute Tow 13.5 60.0 45.0 41.7 30.6 28.8 22.5 12.0 26.5 56.5 47.0 22.0 ! 7.8 
Number of Tows 2 1 1 3 5 4 2 2 4 2 3 29 
I-' 
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Table ( (( 
F 1 S H SAMPLE MONTHLY SUMMARY 
BRIDGE 
(All are otter trawl tows - numbers are expressed as number per 5 minute otter trawl tow) 
1974 1975 
Species of Fishes Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun N per 5 Min. Tow Rank 
Ammodytea hexapterus 0.2 0.2 0.04 30 
Artedius barringtoni 1.0 1.0 0: 18 21 
Atherinops _,ffinis 19.0 1.73 12 
Atherinopaia californiensis 0.5 0~05  27 
Chilara tay10rt 1.0 0.09 24 
Citharichthys 80rdidua 53.0 1.5 1.0 5.05 5 
Citharichthys atigmaeus 73.0 78.0 4.5 0.7 12.4 0.4 10.8 16.40 3 
Clevelandia ios 0.3 0.03 31 
C1upea harangus pa11asii 0.2 0.02 34 
Coryphopterua nicholaii 1.0 0.09 24 
Cymatogaster aggregata 89.0 15.0 5.5 1208.0 0.3 0.3 ,0.3 6.5 6.5 121.04 1 
Dams lichthys vacca 5.0 0.2 1.S 0.4 3.S 4.0 . 1.33 13 
Embiotoca jacksoni 44.0 31.0 10.0 1.0 9.0 2.2 1.0 42.S 18.3 14.4S '4 
Hexagrammos decagralllllJus O.S 0.05 27 
Hyperprosopon anale 0.2 0.02 34 
Hyperproaopon argenteum 11.0 8.0 2.0 0.2 0.8 1.0 0.3 2.12 10 
Lepidogob1us 1epidus 1.0 0.3 0.12 23 
Leptocottus armatus 10.0 6.0 13.0 0.2 O.S 2.70 9 
Micrometrus minimus 3.0 4.0 1.0 O.S 0.77 IS 
Mustelus ca1ifornicus 0.2 0.02 34 
Hyliobetis californica 0.2 0.3 0.2 0.06 26 
Neoc1inus uninotatus S.O 2.0 0.64 16 
Ophiodon e10ngatus 1.0 1.0 0.4 1.S 0.3 0.38 19 
Paralichthya californicus 0.1 0.01 37 
Paropbrys vetulus 3S.0 6.0 4.0 S.3 4.57 6 
Phanerodon furcatus 10.0 46.0 4.0 73.0 22.8 9.2 S.4 3S.0 0.1 34.S S.S 22.32 2 
Platichthys stellatus S.O 7.0 3.5 2.0 3.S 1.0 1.3 2.8 3.0 7.0 1.0 3.37 7 
Pleuronichthys decurrens 0.2 0.18 21 
Porichthys nota tus 4.0 0.3 0.39 18 
Rhacochilus toxotes 6.0 0.5S 17 
Scorpeenichthya ..rmora tus 4.0 25.0 1.S 0.3 0.2 0.3 2.84 8 
Sebeatea auricuIatus 4.0 9.0 4.0 0.2 1.S Q.S 1.7S 11 
Sebuteamystinus 1.0 S.O 1.0 2.0 0.3 0.8S 14 
Sebutes peueiapio1a 3.0 0.27 20 
Sellaat.a raatrelliger 0.5 O.OS 27 
Symphurua _triC41uda 0.3 0.03 31 
Syngnathua leptorhynchus-griseolineatus 0.1 0.01 37 
Triskis sellifa8cia ta 0.3 0.03 31 
Number of Species Caught 17 14 8 17 9 6 12 7 11 9 18 38 
Total Number of Fish Caught 406 2S2 56 1414 IS6 80 59 29S 36 120 416 3290 
Hean HUilber of Fish per 5 Minute Tow 406.0 252.028.0 1414.0 78.0 26.7 19.7 147.S 9.0 120.0 208.0 136.95 ! 148.0* 
Number of Tows 1 1 2 1 2 3 3 2 4 1 2 22 ~ 
(Xl
*66.9 if November night sample is not included \0 
Table 6. 
F ISH SAMPLE MONTHLY SUMMARY 
OCEAN 
CAll are otter trawl tows - numbers are expressed as number per 5 minute otter trawl tow) 
Species of Fishes 
1974 
Aug Sep Oct Nov Dec 
1975 
Jan Feb Mar Apr May Jun N per 5 Min, Tow Rank 
Ammodytes hexapterus 
Amphistichus argenteus 
Atherinops affinis 
Citharichthys sordidus 
Citharichthys stigmaeus 
Cymatogaster aggregata 
Dama 1ichthys vacca 
Genyonemus lineatus 
Hyperprosopon anale 
Hyperprosopon argenteum 
Hypsopsetta guttulata 
Myliobatis californica 
Ophiodon elongatus 
Parophrys vetu1us 
Phanerodon furcatus 
Platichthys stellatus 
Pleuronichthys decurrens 
Psettichthys melanostictus. 
Ra ja binocula ta 
Scorpeenichthys marmoratus 
Sebastes mystinus 
Sebastes peucispinis 
Spirinchus starksi 
Ste llerina xyos terns 
Syngnathus leptorhyn~hus-griseolineatus  
Young Sebastes spp. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2.0 
0.5 
l.8 
0.3 
0.3 
0.3 
l.8 
2.0 
0.8 
0.3 
0.3 
0.3 
0.7 
l.3 
0.7 
0.3 
0.3 
0.5 
0.1 
0.1 
0.1 
0.1 
5.9 
0.1 
0.6 
1.1 
0.1 
0.3 
l.8 
0.8 
1.3 
0.3 
l.8 
0.5 
0.3 
1.3 
0.3 
0.3 
0.3 
0.3 
1.2 
l.8 
0.2 
0.2 
0.5 
1.7 
0.2 
4.8 
0.6 
0.6 
0.4 
3.6 
1.0 
0.5 
1.1 
0.3 
0.4 
0.4 
0.6 
0.4 
0.5 
0.6 
0.4 
0.1 
0.1 
0.3 
0.03 
0.97 
0.06 
0.09 
l.44 
0.41 
0.07 
0.06 
0.76 
0.08 
0.01 
0.02 
0.18 
0.21 
0.38 
0.39 
0,09 
0.34 
0.03 
0.04 
0.06 
0.07 
0.61 
0.01 
0,02 
0.10 
21 
2 
17 
12 
1 
5 
15 
17 
3 
14 
25 
23 
10 
9 
7 
6 
12 
8 
21 
20 
17 
15 
4 
25 
23 
11 
Number of Species Caught 
Total Number of Fish Caught 
Mean Number of Fish per 5 Minute Tow 
Numher of Tows 
6 
20 
5.0 
4 
5 
20 
5.0 
4 
5 
10 
3.3 
3 
3 
4 
1.0 
4 
2 
2 
0.5 
4 
10 
97 
24.3 
4 
9 
20 
10.0 
2 
9 
65 
21.7 
3 
17 
90 
22.5 
2 
26 
328 
6.2 !: 2.2 
30 
I-' 
\0 
o 
( ( ( 
( ( ( 
~  
Table 7. 
F ISH SAMPLE MONTHLY SUMMARY 
BlliN ETT SLOUGH 
(All are common sense seines - numbers 
\. 
are expressed as number per seine tow) 
Species of Fishes 
1974 
Aug Sep Oct Nov Dec 
1975 
Jan Feb Mar Apr May Jun N/Seine Tow Rank 
Acanthogobius f1av!manus 
Atherinops affinis 
C1eve1andia ios 
C1upea harengus pa11asi! 
Cymatogaster aggregata 
Embiotoca jacksoni 
Engrau1is mordax 
Gasterosteus acu1eatus 
Leptocottus armatus 
P1atichthys stellatus 
Porichthys notatus 
Syngnathus 1eptorhynchus-griseo1ineatus 
0 
11.5 
82.0 
9.0 
6.0 
17.5 
0.5 
15.5 
82.0 
10.5 
22.0 
5.0 
1.0 
0 
94.0 
1.0 
0 
0 
0 
5.0 
14.0 
0 
3.0 
7.0 
0 
7.0 
13.5 
0 
0.5 
1.5 
0 
0 
9.5 
0.5 
0.5 
0.5 
-
-
-
-
-
-
-
-
-
-
-
-
0 
2.0 
28.0 
0 
0 
0 
0 
0 
0.3 
19.0 
0 
3.3 
0 
8.7 
0.3 
0.7 
0 
0.3 
0 
0.3 
0.3 
9.7 
0.3 
0 
-
-
-
-
-
-
-
-
-
-
-
-
0 
6.0 
5.7 
0.3 
0.3 
0.3 
0 
0.7 
0 
5.7 
0 
0.7 
0 
1.7 
3.0 
0.3 
0 
0 
0 
1.0 
9.3 
7.0 
0.3 
1.3 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.14 
5.27 
32.36 
2.00 
0.97 
3.66 
0.07 
3.21 
16.49 
7.49 
3.73 
2.54 
11 
4 
1 
9 
10 
6 
12 
7 
2 
3 
5 
8 
Number of Species Caught 
Total Number of Fish Caught 
Mean Number of Fish per Seine Tow 
Number of Tows 
11 7 
503 125 
251.5 125.0 
2 1 
8 
67 
33.5 
2 
-
-
-
0 
5 
158 
52.7 
3 
8 
78 
26.0 
3 
-
-
-
0 
8 
20 
6.7 
3 
8 
24 
8.0 
3 
-
-
-
0 
-
-
-
0 
12 
975 
71.91 
17 
.,..-::? 
./ 
..... 
\0 
..... 
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Table 8. Yearly totals of invertebrates caught by otter trawl in Elkhorn Slough 
-
Invertebrates Kirby Park Dairies Bridge Ocean 
Aeolidia papillosa 1 1 
Aplysia californica 1 
Archidoris montereyensis 1 12 
Blepharipoda occidentalis 2 
Cancer anthonyi 
Cancer gracilis 
Cancer magister 1 
2 
1 
2 1 
1 
Cancer sp. 
Crago nigricauda 
Dendraster excentricus 
37 
x 
3 11 20 
27 
Diaulula sandiegensis 1 
Emerita analoga 
Hemigrapsus oregonensis 16 17 15 
1 
1 
Hemigrapsus nudus x 
Hermissenda crassicornis 4 
Loligo opalescens 2 
Loxorhynchus grandis 
Navanax (Aglaja) inermis 
Nudibranch (unidentified) 
1 
1 
2 
1 
Pectinidae 1 
-
Pelagia nactiluca 1 4 
Pleurobrachia bachei 20 
Polyclinum planum 1 
Pugettia productus 1 3 
Shrimp (unidentified) 1 
Velella vele11a x 
Number of tows 27 29 26 34 
x .. present but not counted 
~ .. ~- I 
.........-~-
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Table 9. Otter trawl fish ca teh summary 
Kirby Park Dairies Bridge Oceen Bennett Slough 
-
- - N/tow N/tow N/towN/tow N/tow 
1. ea 23.42 1. Pf 6.75 1. ea 121.04 1. Cstig 1.44 1. Ci 32.39 
2. Pv 7.89 2. Pf 22,32 , 2. Asrg 0.97 2. La 16.492. ea 6.22 Cstig16.35 3. Ba 0.76 3. Pste1 7.493. Em 6~61 3. Ej 4.80 3.' 
4. Pste1 2.92 4. Cp 1.73 4.  Ej 14.45 4. S8 0.61 4. As 5.27 
5. Ej 2.63 5. Pste1 1.00 5. Csord 5.05 5. ea 0.41 5. Pn 3.73 Pv 4.57 6. Pete1 0.39 6. Ej 3.666. Pf 1;.39 6. Cstig 0.55 6. 
7. La 1,.~3 7. Pste1 3.37 7. Pi 0.38 7. Ga 3.217. La 0.46 Sm 2.84 8. Pm 0.34 8. Slg 2.548. Cp 0.78 8.8. Saur 0.45 
9. My1 0.40 9. Csord 0.41 9.  La 2.70 9. Pv 0.21 9. Cp 2.00 2.12 Oe 0.18 10. ea 0.9710. Harg 0.37 10. Pv 0.38 10. Harg 10. 
11.0p 0.21 11. Saur 1.75 11. YgS 0.10 11. Af 0.1411. Po 0.36 12. 12. Csord 0.09 12. 0.0712. Tsemi 0.18 As 1.73 Em11. Ov 0.36 Dv 1.33 12. Pd 0.0913. Po 0.16 13.13. Harg 0.31 0.08 S 12(7)14.0v 0.11 14. Smyst 0.85 14. Barg13. Smyst 0.31 0.77 Dv 0.07 N 975(17)15. Cstig 0.05 15. Mm 15.15. Sm 0.23 16. Nu 0.64 15. Spsuc 0.0715. As 0.05 16. Em 0.16 Aa 0.0617. Ae 0.03 17. Rt 0.55 17.17. My1 0.06 Po 0.39 17. G1 0.0618. Sras 0.02 18.17. Uh 0.06 ~	 19. Oe 0.38 17. Smyst 0.0619. Ga ' 0.05* S 18(11) 20. Spaue 0.27 20. 5m 0.0419. L1 0.05 21. Ah 0.18 21. Ahex 0.03N 1219(26) 0.0519. Sci 21. Pd 0.18 22. Rb 0.0322. Hg 0.04 
23. L1 0.12 23. My1 0.0223. Satro 0.03 
24. Cn 0.09 23. S1g 0.0223. Scaur 0.03 
24. Ct 0.09 25. Hg 0.0123. Sme1 0.03 My1 0.06 25. Sx 0.0126.23. Tsemi 0.03 
27. A~~ 0.0527. Ae 0~02 'l- S 26(9}27. Hd 0.0527. CIl 0.02 
27. Sras 0.05 N 328(30)27. Mm" 0.02 30. Ahex 0.0427. Oe 0.02 31. Ci 0.0331. As 0.01 31. Satri 0.0331. Ah 0.01 31. Tsemi 0.0331. Rt 0.01 34. Cp 0.02 
S 33(11) 34. Ha 0.02 
N 954(29) 34. Me 0.02 
37. Pc 0.01 
37. Slg 0.01 
S 38(11) 
N 3290(22) 
*S • No. of Species (No. of months) 
N = No. of Individuals (No. of tows) 
The species referred to in the above abbreviations may be found in Table 2. 
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Table 10. Percent unique fish species 
DAIRIES BRIDGE OCEAN 
KIRBY 51.5% 57.9% 69.2% 
DAIRIES 11.1% 34.2% -46.2% 
BRIDGE 12.5% 24.2% 30.8% 
OCEAN 55.6% 57.6% 52.6% 
-
Total :/1 
Species 18 33 38 22 
All values in these paired comparisons refer to the location 
across the top. For example, 11.1% of the species at Kirby Park were 
unique ~hen compared with the Dairies, while 51.5% of the species at 
the Da~ries did not occur in the Kirby Park collections. 
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Tab1e"1l. Percent similarity indices of fish species between locations by month 
Kirby-Dairies Dairies-Bridge Bridge-Ocean 
.L9}4 August. 53.~ 50.0 
f 
" 
S~ptember 76.9 50.0 
October 
i 
57.1 66.7 28.6 
1 
Nevember 
! . 
30.0 54.5 18.2 
December 53.3 55.6 57.1 
--1975 - Jan~ry - -58.8 66.7 22.2 
F~bruary 53.3 66.7 14.3 
March 15.4 57.1 35.3 
April 55.6 50.0 50.0 
May 60.0 77.8 44.4 
-- . 
~une 66.7 72.7 51.4 
OVERALL: 62.7'7.. 70.4'7.. 56.3'7.. 
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Table 12. Comparison of mean H' (diversity>, mean J' (evenness) and mean 
S (number of species) of fishes per tow between locations 
DAIRIES BRIDGE 
KIRBY NS NS KS 
DAIRIES NS NS KS 
H', J" 
BRIDGE NS KS
* 
OCEAN NS 
* * 
S 
KS = not significantly different at the 95% probability level
* • significantly different at the 95% probability level 
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Table 13. Tagging activity summary 
(July 1974 - June 1975) 
Kirby 
Park 
O.T. 
Dairies 
O.T. 
Bridge 
O.T. 
Ocean 
O.T. 
Bennett 
Slough 
C.S.S. 
Totals 
Cymato~aster aggregata 
~,: :."~'" 
- " 
Embiotoca jacksoni 
39 
0 
21 
22 
0 
125(3)* 
0 
0 
1 
3 
61 
150(3) 
Dama 1fchthys vacca 0 1 5 0 6 
Leptocottus armatus 0 3 0 0 1 4 
Myliobatis califomica 12 2 0 1 15 
'Phanerodon fur-catus 1 87 117 0 205 
P1a tichthys stellatus 13 13 22(2) 2 1500.1+) 200(4) 
'.... 
Scorpaenichthys marmoratus 0 
Triakis ,semifasciata 1 
5 
2 
3(2) 
1 
0 
0 
8(2) 
4 
653(9) 
*Number recovered are in parentheses 
+Signifies fish caught in different place than tagged 
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Table 14. Annual summary of creel censuJes 
(July 1974 - June 1975) 
North South Bennett Kirby 
Jetty Jetty Skippers Slough Park Totals 
Number of Visits 
(Number of Months) 43(12) 45(12) 36(2) 29(2) 6(4) 159 
Total Angler Hours 1230.5 816 975 25.5 53.5 3100.5 
Mean Number of Angler Hours 
per Visi t 26.0 17.5 27.0 0.8 10.2 NA 
Mean Number of Fish per 
Angler Hour 0.76<. 749) 0.76<'419) 0.79<'272) 1.44(3.44) .36 <.425) 1.324 
Total Number Anglers 544 386 375 24 33 1362 
Number of Fish Caught 1335 701 888 24 34 2982 
Number of Species 28 26 28 2 6 6.1 
Dominant Species: 1. La 1. La 1. Ej 1. La 1. Pf 
---
2. Pste1 2. G1 2. ea 2. Pstel 2. Ej 
3. Pf 3. Pste1 3. Pf 2. La 
4. Ac 4.:Pm 4. Harg 4. Rs 
5. Pm 5. Harg 5. Spauc 5. Pste1 
6. Harg 5. Ac 6. Dv 6. Sm 
7. Oe 7. Pf 7. La 
8. ea 8. Sm 8. Pste1 
9. Spauc 9. Hd 9. YgS 
10. Ej 10. Ar 10. Rt 
11. G1 11. Ak ll. Ar 
12. Csord 11. Rt 12. Sm 
13. Smyst 13. ea 13. Ot 
14. Hd 13sanddabs13. Ac 
14. Yg8 15. Pn IS. Smyst 
16. Rt 16. Csord 16. Hc 
17. Ar 16. E1 17. Nu 
18. Aa 16. Oe 18. Hd 
18. E1 16. Smyst 19. IIPerchll 
18. 8m 16. 11 Perchll 19. E1 
18. II PerchIl 21. Dv 21. As 
22. Pv 21. Ej 21. Ah 
23sanddabs21. Ha 21. Csord 
23. Em 21. YgS 21. Op 
25. Hg 25. Mprox 21. Po 
25. Cv 26. My1 21. Tsym 
27. My1 27. Cstig -
27. OC 27. Em 
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ZOOPLANKTON AND F;ISH LARVAE 
Ie Introduction 
The ,basic objective of this study is "to determine the abundance and 
composition of, fish larvae and dominant zooplankton in Elkhorn Slough." 
The,',ultimate, goal.. is to gain an integrated,idea of the major faunal com-
ponents of the slough, as Haertel and Osterberg (1967) did in their survey 
of,fishea, benthos, and zooplankton in the Columbia River estuary. Another 
major goal ,is, t9 evaluate the use of Elkhorn Slough waters as a nursery 
ground for marine fishes by surveying the larval fishes, much in the way 
Pearcy' and Myers (974) ~ evaluated Yaquina Bay in Oregon. 
" The first year. of this study has been spent designing and evaluating 
the sampling methods for both zooplankton and larval fishes, and in enu-
merating the major groups of zooplankton contained in the samples taken 
regularly during the year in Elkhorn Slough. Before systematic sampling 
could begin, the net dimensions and means by which to move the nets through 
the water had to be determined. Then stations were set up to sufficiently 
survey the: slough~s waters, and a tOWing regime was schedUled, taking into 
consideration the length and speed of tow, depth of tow, time of day, and 
tidal factors. Once these considerations were made, we then started to 
fulfill the goal stated in the proposal: "for the first year, the zoo-
plankton sampling program will attempt to enumerate the taxa inhabiting 
the slough." 
II. Methods 
,Collections were made monthly at five locations in Elkhorn Slough 
(Figure 1). Since there is no single instrument capable of sampling the 
full rarige of planktonic organisms, we have attempted to design a practi- 
cal sampling system for particular animals in the Elkhorn Slough waters.  
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We designed a system that would sample both zooplankton and larval fishes 
and would: (1) remain above the 85% filtering efficiency value (Tranter and ~ 
Smith, 1968), (2) be operated efficiently by two operators in a small 
shallow-draft boat, (3) have no preceding structures to increase the 
possibility of avoidance by plankton, and (4) have fewer sources of dis-
turbing vibrations. 
There are two types of nets in the system, designed according to clog-
ging, mesh size, open area ratios, and drag characteristics (Gehringer, 1968). 
The first, referred to as "the zooplankton net,1I is 2.69 m long, 1 m of which 
is a cylinder 0.5 m in diameter and has 135 u mesh, with the rematnder coni-
cally shaped down to the cod-end, and made of the same mesh netting (Figure 
2). The "larval fish netll is 2.2 m long, the first section of which is a 
reducing cone constructed of canvas with a 42.5 em diameter opening, an 
angle of expansion of 50 and a length of 0.51 m (Figure 2). The reduced 
~ 
area increases the open area ratio and decreases the filtration pressure 
on the mesh, thus permitting an increase in velocity with the accompanying 
acceleration of water at the mouth of the net (Tranter and Smith, 1968). 
The filtering section of net is a half-meter cone constTucted of 450 u 
mesh 1. 7 m long. In three separate tows, the "zooplankton net ll was found 
to have a mean filtering efficiency of 99.2%, while in four tows that of 
the IIlarval fish net ll was 89.1%, both of which satisfied the stated needs. 
Since it was believed that tOWing such nets in shallow waters behind 
an outboard motor would increase the probability of aVOidance and escape, 
a IIpush-net system" similar to one described by Miller (973) was designed 
to allow the nets to sample the water in front of the moving boat. The 
sampler in this system is a portable frame constructed of %11 diameter 
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galvanized pipe (Figure 3). The paired nets are shackled within the 1.9 by 
.6 m rectangular frame at the front of the sampler, and, when in operation, 
the frame is ,suspended over the bow of the 16' Boston Whaler by means of 
:)  
a gin pole (Figure 4). The vertical extent of the sampling can vary from 
surface to depths of one m and can be adjusted with the block and tackle 
I 
to ride ~~ove the water surface when in transit between stations. 
I 
While, ~ampling, the boat operator gUides the boat in mid-channel, 
ma~nt~ins a.fonstant speed between station marks (297-137 m apart), and 
record$ th~ time sampled. The net operator raises and lowers the sampler,  
. . 'r;~: ~ 
cleans the nets and changes cod-ends after sampling. The cod-ends are 32 oz. 
tall ~lal>s jars, clamped onto the, end of the net. Samples were preserved in 
, 10%, forma 1~n, and stored until they could be sorted • 
. Sampling a~d subsamplingprocedures were evaluated by collecting a 
" I • 
serie$ of 10 t!Jws and enumera ting 10 a liquots by ca lcula ting the means and 
95% confidence
\' 
intervals of Acartia clausi Giesbrecht for all aliquots of 
A," . 
each of the paired tows. Acartia clausi was chosen since it is numerous 
and best represents the euryhaline zooplankton fauna year round (see Haertel 
and Osterberg, 1967). Aliquots were 5-20 ml subsamples of the total col-
lection, and the amount of each aliquot was determined by the density of 
Acartia in the sample. It was intended that at least 30 individuals of all 
copepods be present in order for the a liquot size to be a fair sample. The 
mean values of the aliquots were then propo~tionally increased according to 
the percent of the sample the aliquot measured. 
After evaluating the sampling procedure, two samples were taken each 
month at each of the five stations in Elkhorn Slough (Figure 1) with each 
pair of nets. Samples were taken at high slack tide in order to minimize 
the effect of tidal surge in the amount of water filtered. All samples 
were preserved in 10% formalin and stored on $hore for later analysis. 
Due to lack of time, none of the collections made with the "zooplankton 
net" have been sorted, identified, and enumerated, but all collections 
taken with the "larva l fish net" have been sorted into broad taxonomic 
categories (see Tables 1 - 5). These samples will be identified to spe-
cies, wherever possible, during the next year, and counts will be standar-
dized to numbers per cubic meter of water filtered. Biomass estimates 
have not been taken on these first collections, but will be made on all 
of the two years of sampling by the end of the second year. 
Two 24 hour surveys were made in conjunction with the 24 hour studies 
made by the oceanographic research group. Paired samples were taken with 
the "zooplankton net ll every 3 hours on October 16 and 17, 1974 and again 
on April 4 and 5, 1975. All larval fish have been sorted out of these 
collections and have been roughly sorted into families. None of the zoo-
plankton from the two 24 hour studies have been sorted,identified or enu-
merated. 
III. Results and Discussion 
A total of 140 tows were taken from September 1974 through April 1975 
at the five stations in Elkhorn Slough (Figure 1), half of which were with 
the llzooplankton net," and the other half with the "1arva l fish net,1I 
(Tables 1 - 5). Progress on the identificat'ion and enumeration of these 
zooplankton and larval fish collections has been slow, since much time was 
spent designing, building, and evaluating gear and in becoming familiar 
with the taxonomy of the zooplanktonic groups. 
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Numbers of Acartia clausi, an estuarine copepod, were used to eval-
uate the push-net system and to estimate the numbers of replicate tows 
and numbers of aliquots necessary to sufficiently estimate numbers of 
,zooplankton and larval fishes. Using four paired tows, there were sig-
nificantly ,more ~. clausi caught per tow in the push-net samples than in 
towed samples faken concurrently (for details of this experiment, please 
contact S. Pace). Four aliquots of each sample appear to be sufficient 
to evaluate the density of ~. clausi in each tow, since the estimates of 
.the mean do not vary much and the 95% confidence intervals stabilize after 
four Illiquots (Figure 5). Similarly, four replicate tows are necessary to 
obtain a good estimate of the density of ~. clausi (and presumably other 
dominant zooplankton) ,since the 95% confidence intervals did not converge un-
til four replicates were taken (Figure 6). Unfortunately, there was not time 
or manpower suffic~ent to sample four times each month during the first 
year, ~nd the estimates of abundance will suffer from high variability 
(Tables 1 - 5) for this period. During the second year, however, an at-
tempt will be made to get at least four replicate samples each month at 
each station in order to minimize this variation and make our estimates 
of density more accurate. 
The only larval fish data available is that from the two 24 hour 
studies (J. Dykzeul: student paper in Ichthyology, Spring, 1975), and 
they indicate that the numbers of larval fish in Elkhorn Slough are enor-
mous. During the October l6~17, 1974 stUdy, 1525 individuals of larval fish 
were captured in a total of 36 samples. Kirby Park had 1,246 fish 0.36 
3fish/m3 ), while the Dairies had only 279 (0.58 fish/m ). During this sam-
pIing period there was an intensive red tide and even adult specimens of 
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Atherinops affinis were caught in the zooplankton samples. During the 
spring study (April 4 - 5, 1975) 4,623 larval and juvenile fishes were 
caught, with 4,184 (5.9/m3 ) being caught at Kirby Park and only 439 (0.9/~3) 
being caught at the Dairies. Catch rates peaked at the midpoint between 
high and low tides in both studies. And, a significantly higher number of 
fish larvae were caught during the night samples than during the day, prob-
ably because of avoidance. 
Identification of these larval fishes is not yet complete, however, 
a list to date includes Engraulidae (Engraulis mordax), Clupeidae (Clupea 
harengus pallasii and perhaps Sardinops caerulea), Atherinidae (Atherinops 
affinis and Atherinopsis californiensis), Cottidae (at least two unidenti-
fied species), Gobiidae (Clevelandia ios and at least one other unidentified 
species), Scienidae (at least one unidentified species), and Pleuronectidae 
(Lyposetta exilis, eggs of Pleuronichthys coenosus and ~. verticalis, and 
at least one other unidentified species). A considerable amount of work 
needs to be done on the larval fish collections. This list is merely a 
start on the enormous number of larvae and eggs collected over the past 
year. It is hoped that, by the end of the second year, a similar analysis 
of larval fish use of the slough will be possible as that done by Pearcy 
and Myers (1974) for an Oregon estuary. 
The zooplankton have been a liquoted and sorted from the "larva 1 fish 
net" collections and have been identified and counted in major taxonomic 
categories (Tables 1 - 5). Further detailed identifications will be pos-
sible with more experience during the following year and will be reported 
upon then. It is extremely difficult to make conclusions about the abun-
dance values we have for such large categories as "copepods" or "chaetog-
naths," since each of these categories can contain many very different 
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taxa (species). However, the data has been presented as such to demon-
stra te the amount of work tha t has been done and to point out the amount 
of further work that needs to be done. It is regrettable also that, 
since only two replicates were taken each month, the variability asso-
ciated with the plankton abundance values cannot be minimized. This is 
primarily due to the small number of samples (2) taken each month at 
each station and will be alleviated during the second year of study. An 
attempt was made to combine pairs of months into bimonthly estimates of 
abundance, but the temporal and spatial patchiness associated with doing 
such a thing did not constructively affect the estimates, and they have 
been left as they were, month by month. 
Interpreta tionof the zooplankton ca tch da ta is. a t best , difficult 
considering the lack of complete identification and the small number of 
samples each month. However. even with the sampling problems. several 
general trends can be noted (Tables 1 - 5). In terms of copepod abun-
dance, the Bridge and Harbor tended to have higher numbers than the other 
three stations, but at all stations there was a peak during the month of 
January. It will be interesting to determine which species of copepods 
were responsible for these events, since some species are strictly oceanic 
and others estuarine in nature. At all stations. numbers of decapod lar-
vae increased notably during late winter and early spring. It should also 
be noted that abundance values for most of the common zooplankters were 
high in January 1975, especially at the bridge and harbor station. Fish 
eggs were abundant at all stations except Kirby Park (Table 1), and ex-
hibited a strong peak in numbers during the months of September and Octo-
ber in 1974, with a weaker peak occurring during January in 1975 (Tables 
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2 - 5). It will also be interestine to determine which fish species were 
represented as eggs during those peaks. Cbaetognaths and siphonophores 
were only abundant at the bridge and harbor stations <Tables 4, 5), in-
dicating mixing of populations at the ocean interface. More detailed 
taxonomic work will yield interesting details that hopefully will explain 
the apparent seasonality in zooplankton abundance. 
Our objective to "attempt to enumerate the taxa inhabiting the slough" 
is still being actively pursued. Even though all samples have not been 
worked up, collections representing all months and locations have been 
made and are being saved for further detailed work. We now have a much 
better idea how to approach the problem of evaluating the zooplankton and 
larval fishes in Elkhorn Slough and plan to implement these new ideas. 
L We will sample more often, with at least four samples being taken 
with each net at ea'ch station each month. 
2.  Complete identifica'tion and enumeration of aliquots will be neces-
sary to properly evaluate the changes in species composition of 
zooplankton and la'rval fishes in the slough. 
3.  Estimates of biomass will be made to monitor these changes sea-
sonally at all sta'tions. 
\ 
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Table 1. Preliminary zooplankton catch data at Kirby Park 
GrouE§. 
1974 
Sep Oct Nov Dec 
1975 
Jan Mar Apr 
Copepods 0.7 +
-
1.1 19.2 :!: 65.6 4.1 +
-
0.9 6.9 :!: 14.1 145.4 :t 161.1 4.4 +
-
9.6 69.8 + 15.6
-
Deca pod La rvae 1.8 :!: 0.4 4.5 :!: 21.5 9.3 +
-
4.7 27.2 :!: 12.2 73.8 :!: 153.6 92.5 :!: 63.8 82.5 :!: 105.1 
C1adocera 
Evadne spp. 
Podon spp. 
0.07 :!: 
0.35 :!: 
0.09 
0.53 
0.5 + 
0 
2.8 0.5 + 
0 
2.8 0 
0 
0.42 + 
0 
15.12 0 
0 
0 
0 
Medusae 0 0.09 :!: 0.01 0.10 :!: 3.15 0 6.15:!: 4.91 0 0 
Fish Eggs 0 0.68 :!: 0.29 0.21 :!: 0 0 0.42 :!: 15.12 0 0 
Chaetognaths 0 0.23 :!: 0.15 0.10 :!: 3.15 0.42 :!: 0.06 0.42 :!: 15.12 0 0 
Siphonophores 0 0.04 :!: 0.03 0 0 0.42 :!: 15.12 0 0 
Annelids 0 0.03 :!: 0.04 0 0 0 0 0 
Amphipods 0 0.04 :!: 0 0 0 0 0 0 
Number of Samples 2 2 2 2 2 2 2 
Values are mean numbers per m 3 water filtered (:!: 9570 confidence intervals> 
N 
l-' 
W 
--
- - -
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Table 2. Preliminary zooplankton catch data at the Red House 
1974 1975 
Groups Sep Oct Nov Dec Jan Mar Apr 
Copepods 32.8 ~  99.4 24.2 ~  84.8 30.4 + 5.3 96.5 ~  267.5 170.4 ~  386.7 3.6 + 18.5 5.1 + 1.6 
Decapod Larvae 9.1 ~  13.8 5.0 + 5.3 10.8 + 0 25.4 + 0 311.3 + 37.1 51.0 ~  135.1 73.6 ~  84.2 
C1adocera 
Evadne spp. 6.2 + 0.09 0.63 ~  5.3 2.3 + 7.9 0 0 0 0
-Podon spp. 1.67 ~  1.57 0.21 ~  2.7 22.0 + 2.65 0 0 0 0 
Medusae 0 •.01 ~ 0.09 0.07 ~  0.33 0.21 ~  6.30 0 4.17 ~  0 0.42 ~  12.6 0.63 + 6.3 
Fish Eggs 2.2 + 0.27 2.59 ~  0.55 0.42 ~  8.91 1.25 ~  12.60 2.5 + 17.8 0 0
--
Chaetogna ths 0.01 ~  0.09 0.73 ~  0.21 0 1.67 ~  15.43 2.08 ~  12.6 0.42 + 12.6 0.63 ~  6.3 
Siphonophores 0 0.04 ~  0.21 0 0 0.42 ~  12.6 0 0 
Annelids 0 0.55 ~  loll 0 0 0.42 ~  12.6 0 0 
Amphipods 0 0.55 ~  1.11 0.21 ~  6.30 0 0.42 ~  12.6 0 0 
Number of Samples 2 2 2 2 2 2 2 
Values are mean numbers per m3 water filtered (+ confidence intervals) 
'"
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Table 3. Preliminary zooplankton catch data at the Dairies 
1974 1975 
Grou£2. Sep Oct Nov Dec Jan Mar Apr
-
Copepods 16.9 ! 43.1 13.3 ! 43.9 44.2 ! 10.0 21.1 ! 205.9 99 .. 5 ! 20.1 3.36 ! 22.6 4.35 ! 10.1 
Decapod Larvae 10.3 ! 50.7 13.2 ! 15.8 28.8 ! 65.3 79.8 + 80.4 23.3 ~  85.4 20.9 ! 20.1 77.2 ! 52.7 
-
Cladocera 
Evadne spp. 226.3 ! 90.2 0.79 + 0 1.2 + 5.0 4.3 .+ 25.1 3'.2 ! 10.0 0 0 
-- <'-0Podon spp. 48.6 ! 57.3 0.39 + 8.4 3.9 !. 10.0 0 0 0 0 
-
5.0 4.7 !. 20.1 0 1.97!. 15.1Medusae 11.1 !. 23.9 0.56 + 0.40 0 0.39 !.
-
5.1 1.2 + 5.0 1.9 + 5.0 0.19 + 2.5 1.18 !. 0.88Fish Eggs 3.2 !. 33.8 2.7 + 0.24 0.39 !. 
-
Chaetogna ths 0 0.93 + 0.56 0 1.9 + 5.0 0.39 !. 5.0 0.39 !. 0 0 
-
-
Siphonophores 0 0.07 + 0.40 0 5.9 + 25.1 3.9 !. 20.1 0.19 !. 2.5 0 
0 0 0Annelids 3.2 + 33 ..8 0.04 + 0 0 0
-
Amphipods 3.2 .:!: 33.8 0 0 0.39 !. 5.0 0.39 !. 5.0 0 0 
Number of Samples 2 2 2 2 2 2 2 
Values are mean numbers per m3 water filtered (!. 95% confidence intervals) 
....'"
\.n 
Table 4. Preliminary zooplankton catch data at the Br1dge 
1974 1975 
Groups Sep Oct Nov Dec Jan Mar Apr 
Copepods 345.0 !. 162.9 81.8 !. 30.9 32.9 !. 13.8 25.4 !. 15.5 149.4 !. 63.3 6.06 !. 5.98 34.96 !. 20.73 
Decapod La rvae 35.19 !. "88.5 20.6 !. 32.4 35.4 ~  30.1 38.0 !. 10.4 58.9 ! 23.9 23.9 ! 15.8 14.2 !. 19.5 
Cladocera 
Evadne spp. 57.6 ! 113.9 0.23 ! 6.9 6.85 + 13.8 3.1 + 3.5 0.46 ! 13.8 0 0 
Podon spp. 28.6 + 41.5 0.46 ! 9.8 0.46" ! 0 0 8.22 ! 0 0 0 
Medusae 2.05 ! 0.36 0.92 !. 0.89 0.23 ! 6.9 0 4.11 ! 13.8 0.80 ! 7.72 5.03 ! 21.85 
Fish Eggs 2.23 ! 1.07 3.81 ! 0.95 1.83 ! 0 0.23 :!: 4.89 3.66 ! 27.6 0.46 ! 0 0 
Chaetognaths 0.51 ! 0.16 6.73 ! 1.02 2.28 :!: 0 0.91 ! 0 0.91 :!: 0 0.57 :!: 5.98 1.37 :!: 16.08 
Siphonophores 0.01 :!: 0.08 5l.0 + 0.36 0 0 1.83 :!: 0 0.34 :!: 3.45 0.23 !. 6.91
-
Annelids 0.10 :!: 0.16 0.17 :!: 0.46 0 0.11 :!: 3.45 0.91 :!: 19.5 0 0 
Amphipods 0 0 0.23 :!: 6.91 0.34 :!: 3.45 0.46 :!: 13.8 0.23 :!: 0 0.23 !. 6.91 
Number of Samples 2 2 2 2 2 2 2 
Values are mean numbers per m3 water filtered (:!: 95~ confidence intervals) 
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~  
0\ 
( ( ( 
- -
( ( ( 
Table 5. Preliminary zooplankton catch data at the Harbor 
19751974 
GrouE.§. Sep Oct Nov' Jan , .15 Mar- 28 Mar
-.-'
,. 
.. 
Copepods 30.3 + 15.7 72.6 + 86.7 59~9  ~  22.7 : <l35.;3 . ! 98.128':;'& ! 30.1, 63.75 ! 39.3 
.,' .. -
Decapod Larvae 5.6 + 15.4 .29.3 + 19.7 6.07 ! 13.1 '::103~;2  + 64.2 :30.4 ! 13.11 17.13 :!:. 19.67 
-
-
C1adocera 
+ 0 - 2:1'7 +' 29.3 ()Evadne spp. 4.9 + 14.3 0.65 ! 11.4 . 13.4 .... 0
-
Podon spp. 46.4 + 4.64 0.86 ! 0 0 0 0 0 
-
12.58 ! 22.91 22.,0 6.56 7.81 ! 18.6Medusae 2.28 ! 1.32 0.44 :!:. 0.46 0.16 ! 0.31 ! 
Fish Eggs 1.71 ! 0.58 1.71 ! 1.17 0.13 ! 0.34 ' 6.94 ! 0 0.22 ! . 6.56 0.43 :!:. 0 
Chaetogna ths 0.39 + 0.36 3.06 ! 1.6,5 2.21 + 0.96 3.47 ! 26.2 1..30 ! 0 0.43 :!:. 0 
Siphonophores 0.13 + 0.49 0.30 + 0.60 2.22 ! 0.76 3.47 ! 0 0 0 
Annelids 0.04 ! 0 0.09 
-
+ 0.27 1.31 ! 0.58 2.17 ! 13.11 0 0 
Amphipods 0 0.43 ! 0 0.12 ! 0.22 1.30 ~  13.11 0.43 ! 9.27 1.95 :!:. 6.56 
Number of Samples 2 2 2 2 2 2 
Values are mean numbers per m3 water filtered (:!:. 95% confidence intervals) 
t-J 
.... 
"-J 
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